Dissolved organic matter characterization in a large arctic river : origins and dynamic by Le Dantec, Théo Aurelien
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]$-8('B(E<! @.$! A>,! B1'A&! ,.?! A,-$;.E,8$1-:! (8! ,.! 8',$8(A(-8! <(:! :1'8$(:! W/q+#F! L,!
;'&;,',8$1-!<(:!&=0,-8$EE1-:!(8!E(:!,-,EK:(:!2I/!1-8!&8&!'&,E$:&!M!Z]5!M!c'(A('0,D(-!;,'!
E>&@.$;(!<(!W&:$-(!+1EE(-0,.('F!L,!A$:(!(-!B1'A(!(8!E(!8',$8(A(-8!<(:!<1--&(:!1-8!&8&!
'&,E$:&! ;,'! A(:! :1$-:! ,$-:$! @.(! E,! A,J(.'(! ;,'8$(! <.! ;'1=(::.:! <(! '&<,=8$1-F! L(:! =1l











































































































































































































































































































































































































































, Jean Luc Probst
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« Quel jour sommes-nous 
Nous sommes tous les jours 
Mon amie 
Nous sommes toute la vie 
Mon amour 
Nous nous aimons et nous vivons 
Nous vivons et nous nous aimons 
Et nous ne savons pas ce que c’est que la vie 
Et nous ne savons pas ce que c’est que le jour 
Et nous ne savons pas ce que c’est que l’amour. » 
 



















BE.?H! @.$! :.%$::(-8! E>$-BE.(-=(! <(:! =0,-C(A(-8:! CE1%,.?F! L(! =1A;,'8$A(-8! '$D$9'(*! 1!
<1A$-(!C&-&',E(A(-8! E(!/,'%1-(!O'C,-$@.(!\$::1.:! G/O\H*!(:8!.-!<(:!;E.:! '&,=8$B:!(8!




L(:! A,8$9'(:! 1'C,-$@.(:! <$::1.8(:! G+O\H*! :1-8! =1-:$<&'&(:! =1AA(! .-(! <(:!
:.%:8,-=(:!-,8.'(EE(:!E(:!;E.:!=1A;E(?(:!(8!J1.(-8!.-!'eE(!A,J(.'!<,-:!E,!%$1C&1=0$A$(!
(8! E,!;0181=0$A$(!<(:!(,.?!-,8.'(EE(:F! 5<(-8$B$('! E>1'$C$-(!<(:!+O\*!8(EE(!@.(!E(!8K;(!<(!
D&C&8,8$1-!1.!E>01'$r1-!<(!:1E!<(:@.(E:!(EE(:!<&=1.E(-8*!,$-:$!@.(!:1-!&8,8!<(!<&C',<,8$1-!
(:8!='.=$,E!;1.'!.-(!A($EE(.'(!=1A;'&0(-:$1-!<(:!;'1=(::.:!<.!=K=E(!<.!=,'%1-(!E$,-8!
E(:!A$E$(.?! 8(''(:8'(:! ,.?!A$E$(.?! ,@.,8$@.(:! (8! E(.':! ,;;1'8:! ,.?! 1=&,-:F! \(! ;E.:*! E,!
<K-,A$@.(!<(:!+O\!<1--(!.-!,;('~.!<(!E,!'&;1-:(!<(!E>&=1:K:89A(!,.?!=0,-C(A(-8:!
=E$A,8$@.(:! (8! ,.?! ;('8.'%,8$1-:! ,-80'1;$@.(:*! (8! <(! :,! ;18(-8$(EE(! '&8'1,=8$1-! :.'! E(!





+O\! '(:8(-8! -1-! =,',=8&'$:&(:F! /(8! ,'8$=E(! ! <(! '(D.(! :(! =1-=(-8'(! :.'! E(:! &8.<(:!
=,',=8&'$:,-8! E(:!+O\!<,-:! E(:! '$D$9'(:! <.!A1-<(*! $E! <'(::(!.-!%$E,-!<(:!A&801<(:! (8!
,;;'1=0(:! (A;E1K&(:*! :1.E$C-(! E(:! ;'1C'9:! '&=(-8:! (8! <$:=.8(! E(.'! ;('8$-(-=(! (8!




















WE1%,E! 1'C,-$=! =,'%1-! =K=E(! =1A;'$:(:! :(D(',E! =1A;1-(-8:! G'(:('D1$':! ,-<! BE.?(:H!
80,8!,'(! $-BE.(-=(<!%K!CE1%,E! =0,-C(F!70(! '$D('$-(!=1A;1-(-8!<1A$-,8(<!%K!<$::1ED(<!
1'C,-$=! =,'%1-! G\O/H! $:! 1-(! 1B! 80(!A1:8! '(,=8$D(! ,-<! <K-,A$=F! ZE801.C0! \O/! BE.?(:!






<(C',<,8$1-! :8,8(! $:! ='$8$=,E! 81! %(88('! .-<(':8,-<! =,'%1-! =K=E$-C! ;'1=(::(:! E$-X$-C!
8(''(:8'$,E!,-<!,@.,8$=!(=1:K:8(A:*!,-<!80($'!$-;.8:!81!1=(,-:F!+1'(1D('*!\O+!<K-,A$=:!
;'1D$<(:! $-:$C08! 1-! (=1:K:8(A>:! '(:;1-:(! ,-<! ;18(-8$,E! =,'%1-! B((<%,=X! 81! =E$A,8(!
=0,-C(! ,::1=$,8(<!m$80! ,-80'1;1C(-$=! <$:8.'%,-=(:F! \O+! @.,E$8K! 0,:! %((-!A.=0! E(::!
$-D(:8$C,8(<! 80,-! ;,'8$=.E,8(! 1'C,-$=!A,88('F! 70$:! $:! '(E,8(<! 81! 8(=0-$=,E! E$A$8,8$1-! $-!




,;;'1,=0(:! ,;;E$(<*! 0$C0E$C08$-C! '(=(-8! ;'1C'(::(:*! <$:=.::$-C! 80($'! :.$8,%$E$8K! ,-<!
'(:(,'=0!;(':;(=8$D(:F!3(E(D,-8!'(:.E8:!,=@.$'(<!,8!,!CE1%,E!:=,E(!0,D(!%((-!:K-80(:$r(<!

























3$D('$-(! =,'%1-! =1A;'$:(:! \$::1ED(<! 5-1'C,-$=! /,'%1-! G\5/H*! S,'8$=.E,8(! O'C,-$=!






G\O+H! 0,:! <',:8$=,EEK! $-='(,:(<*! ,E1-C!m$80! 80(! =1A;'(0(-:$1-! 1B! $8:! %$1C(1=0(A$=,E!
:$C-$B$=,-=(F! 70(! '1E(! 1B! $-E,-<! ,@.,8$=! :K:8(A! 0,:! (D1ED(<! B'1A! %($-C! =1-:$<('(<! ,:!
-(.8',E! ;$;(:! 81! ,=8$D(! \O+! '(,=81':! G/1E(! (8! ,EF*! PQQfHF! \$::1ED(<! 1'C,-$=! A,88('! $:!





<$::1ED(<! 1'C,-$=! A,88('! 0,:! :8'1-C! $A;E$=,8$1-:! B1'! CE1%,E! =,'%1-! %.<C(8:! ,:! -(8!
=,'%1-!BE.?(:!$-!,@.,8$=!:K:8(A:!8(-<!81!%(!C'(,8('!;('!.-$8!,'(,!80,-!$-!80(!:.''1.-<$-C!
E,-<!G/1E(!(8!,EF*!PQQfHF!!
70(! =1A;E(?$8K! 1B! \O+! $:! '(E,8(<! 81! $8:! -.A('1.:! :1.'=(:! m$80$-! 8(''(:8'$,E! ,-<!
,@.,8$=! (=1:K:8(A:! GD(C(8,8$1-*! A$='11'C,-$:A*! :1$E! 1'C,-$=! A,88('H*! 8',-:B1'A,8$1-!
;'1=(::(:!GE$C08!,-<!A$='1%$,E!'(E,8(<H!,-<!$-8(',=8$1-!m$80!-,8.',E!,-<!,-80'1;1C(-$=!
;0,:(:! G1?K<(:*! =E,K:*! ;E,:8$=:aHF! Z:! ,! =1-:(@.(-=(*! ,! m$<(! ',-C(! 1B! A1E(=.E,'!
=1A;1:$8$1-*! ,C(:*! <(C',<,8$1-! :8,8(:! ,-<! '(,=8$D$8K! =,-! %(! A(,:.'(<! $-! ,@.,8$=!
(=1:K:8(A:!G3,KA1-<!,-<!c,.('*!PQQ2HF!70(!-,8.'(!1B!\O+!$-BE.(-=(:!$8:!B,8(!,E1-C!80(!
E,-<!81!1=(,-!=1-8$-..A*!=1-8'1EE$-C!80(!(?8(-8!81!m0$=0!80(!/!m$EE!($80('!%(!'(8,$-(<!$-!
80(! BE.D$,E! -(8m1'X*! '(E(,:(<! 81! 80(! ,8A1:;0('(! D$,! %$18$=! 1'! ,%$18$=! <(C',<,8$1-*! 1'!
8',-:;1'8(<!<1m-:8'(,A! G+11<K! ,-<!]1'',EE*! PQ2f! ,-<! '(B('(-=(:! 80('($-HF!3$D('$-(!
\O+!=,-!1'$C$-,8(!B'1A!,!D,'$(8K!1B!:1.'=(:*!$-=E.<$-C!,.81=0801-1.:!:1.'=(:!'(:.E8$-C!
B'1A! $-! :$8.! ;'1=(::(:! ,-<! ,EE1=0801-1.:! :1.'=(:! '(:.E8$-C! B'1A! 8(''(:8'$,E! 1'!
! ^T!
,8A1:;0('$=! <(;1:$8! $-;.8:F! Z.81=0801-1.:! :1.'=(:!A,K! $-=E.<(! E(,=0,8(:! B'1A! <(,<!
,@.,8$=! 1'C,-$:A:*! ;0K81;E,-X81-*! r11;E,-X81-*! A,='1;0K8(:! ,-<! %,=8('$,E! (?.<,8(:!
(8=F*! m0('(,:! ,EE1=0801-1.:! :1.'=(:! =1A;'$:(! E(,=0,8(:! B'1A! m,8(':0(<! :1$E:! ,-<!











,-<! 8',-:B('! 1B! 1'C,-$=! A,88('! B'1A! m,8(':0(<:! 81! '$D('$-(! -(8m1'X:! 0,:! :8'1-C!
$A;E$=,8$1-:!B1'!:1$E!=1-:('D,8$1-*!m,8('!@.,E$8K!,-<!(=1:K:8(A!0(,E80!A,-,C(A(-8F!!!
\(8,$E(<! \O+! =0,',=8('$r,8$1-! =,-! %(! (?8'(A(EK! =0,EE(-C$-C! %(=,.:(! \O+!
=1A;'$:(:! ,! 0.C(! <$D(':$8K! 1B! 1'C,-$=! =1A;1.-<:! ,-<! $:! 0$C0EK! D,'$,%E(! ,8! :;,8$1l
8(A;1',E!:=,E(:F!V1m(D('*!C'(,8!;'1C'(::!0,:!%((-!A,<(!<.'$-C!80(!E,:8!80'((!<(=,<(:!
81m,'<!$<(-8$BK$-C!80(!:8'.=8.'(!1B!\O+!,-<!80(!'1E(!80,8!$8!;E,K:!$-!80(!%$1C(1=0(A$:8'K!
1B! ,@.,8$=! (=1:K:8(A:F!/.''(-8! 8'(-<:! $-!\O+!:8.<$(:*! :.;;1'8(<!%K! $A;'1D(A(-8:! $-!
\O+! $:1E,8$1-*! =0,',=8('$r,8$1-! 8(=0-$@.(:! ,-<! A1E(=.E,'! %$1E1CK*! 8(-<! 81! A1'(!
=1A%$-(<!,-,EK8$=,E!A(801<:!!81!$-D(:8$C,8(!\O+!=1A;E(?$8KF!
70(! ;'(:(-8! '(D$(m! ;'1;1:(:! ,-! ,::(::A(-8! 1B! 80(! =.''(-8! ,%$E$8$(:! 81! <(:='$%(!
'$D('$-(!\O+!=0,',=8('$:8$=:F!](!A,<(!,-!$-D(-81'K!1B!:8.<$(:!'(;1'8$-C!'$D('$-(!\O+!
=0,',=8('$r,8$1-! <,8,! 80'1.C0! 80(! =1-:8$8.8$1-! 1B! ,! CE1%,E! <,8,%,:(! 1B! \O+! D,'$,%E(!
A(,:.'(A(-8:! ,-<! :8.<$(:! =1-<.=8(<! $-! E18$=! :K:8(A:F! 71! (?;E1'(! 80(! =1-8'$%.8$1-! 1B!
\O+!=0,',=8('$r,8$1-!A(801<:!81!80(!.-<(':8,-<$-C!1B!\O+!@.,E$8K!(D1E.8$1-!$-!'$D(':*!
m(! ;'1D$<(! ,! :K-80(:$:! 1B! 80(! <,8,! ,D,$E,%E(! ,E1-C! m$80! ',-C(! 1B! D,E.(:! 1B! :;(=$B$=!
=0,',=8('$r,8$1-!;,',A(8(':!,='1::!,!CE1%,E!E,8$8.<$-,E!C',<$(-8*!(D,E.,8$1-!1B!80(!:;,8$,E!






](! :(E(=8(<! :=$(-8$B$=! ;,;(':! '(;1'8$-C! \O+! =0,',=8('$r,8$1-! :;(=$B$=,EEK! $-! E18$=!
:K:8(A:*! $F(!:8'(,A:!,-<!'$D(':F!O.'!B1=.:!m,:!1-!CE1%,E!\O+!=0,',=8('$r,8$1-*!:8.<$(:!
$-D(:8$C,8$-C! :;(=$B$=! \O+! B',=8$1-:! :.=0! ,:! 0$C0! A1E(=.E,'! m($C08! GV+]H! 1'! E1m!
A1E(=.E,'! m($C08! GL+]H! \O+! 1'! B.ED$=! ,-<! 0.A$=! ,=$<:! m('(! -18! $-=E.<(<F! \O+!
D,'$,%E(:!m('(!$-=E.<(<!1-EK!$B!80(K!m('(!'(E,8(<!81!.-$@.(!:;,8$1l8(A;1',E!$-B1'A,8$1-*!
$F(! =1''(:;1-<$-C! 81! 1-(! :,A;E$-C! ;1$-8! ,-<! '(;'(:(-8$-C! ,! 8$A(! ;('$1<! B'1A! <,K! 81!
:(,:1-!G'(C$1-,EEK!1'!K(,'EK!,D(',C(<!<,8,!m('(!-18!$-=E.<(<HF!71!%(!$-=E.<(<*!:,A;E$-C!
:$8(:!A.:8!0,D(! B'(:0m,8('!:,E$-$8K! G80'(:01E<!2!;:.! 81! $-=E.<(!<,8,!1'$C$-,8$-C! B'1A!
'$D('! ,'(,!m$80! E$A$8(<!A,'$-(! $-BE.(-=(H! 81! '(BE(=8! 80(! '$D('! "(-<lA(A%(')! :$C-,8.'(F!
#8.<$(:!m('(! :(E(=8(<!m0(-! 80(K! ;'(:(-8(<! %.EX!\O/! $-B1'A,8$1-! ,E1-C!m$80! ,8! E(,:8!
1-(! =0,',=8('$r,8$1-! D,'$,%E(F! ](! '(8'$(D(<! -.A('$=,E! <,8,! m0(-! 80(K! m('(! <$'(=8EK!
,D,$E,%E(!B'1A!,!8,%E(!$-!80(!;,;('!1'!$-!:.;;E(A(-8,'K!$-B1'A,8$1-F!+,$-!$-B1'A,8$1-!
C,80('(<! $-=E.<(:! ;,;('! '(B('(-=(*! :,A;E$-C! E1=,8$1-*! 8$A(! 1B! :,A;E$-C*! E$:8! 1B!
=0,',=8('$r,8$1-! D,'$,%E(! '(;1'8(<! ,-<! m0(-! ,D,$E,%E(! A(,:.'(<! \O/! =1-=(-8',8$1-*!
\O/q\O6*! %$1,D,$E,%E(! <$::1ED(<! 1'C,-$=! =,'%1-! Gc\O/H*! A,$-! E$C-$-! ;0(-1E:!
;,',A(8(':*! ,%:1'%,-=(!,8! :;(=$B$=!m,D(E(-C80!,-<! ',8$1:*! BE.1'(:=(-=(! $-<$=,81':! ,-<!
:8,%E(!,-<!',<$1=,'%1-!$:181;$=!',8$1:F!70(!=1A;$E,8$1-!'(;'(:(-8:!1.'!%(:8!,88(A;8!81!
$-8(C',8(!80(!,D,$E,%E(!$-B1'A,8$1-*!K(8!-1A(-=E,8.'(!B1'!:8.<K!:$8(:!D,'$(:!=1-:$<(',%EK!
,-<! $-! :1A(! 1==,:$1-*! E$88E(! 1'! -1! $-B1'A,8$1-! $:! ;'1D$<(<! $-! 80(! E$8(',8.'(! G$F(F! :$8(!
-,A(:*!:,A;E$-C!<,8(:!,-<!=1-<$8$1-:!(8=FHF!5-!80(!B.8.'(*!:1A(!%,:$=!$-B1'A,8$1-!:01.E<!
%(!:K:8(A,8$=,EEK!,::1=$,8(<!m$80!\O/!=0,',=8('$r,8$1-!<,8,j!;'(=$:(!:,A;E$-C!E1=,8$1-!
GE1-C$8.<(*! E,8$8.<(H*! ;'(=$:(! 8$A(! 1B! :,A;E$-C! GB.EE! <,8(H*! <$:=0,'C(! 1'! 0K<'1E1C$=,E!
:8,C(*! ,-<! 0,:! A.=0! ,:! ;1::$%E(! ;'1D$<(! ',m! <,8,! m0(-! ;'(:(-8$-C! ,D(',C(<!
$-B1'A,8$1-F! O80('! <,8,! 80,8! =1.E<! %(! $-=E.<(<! $-! ,-! $A;'1D(<! <,8,%,:(! %.8! ,'(! -18!
:K:8(A,8$=,EEK! '(;1'8(<j!],8(':0(<! ,'(,*!{!L,-<! =1D('! 8K;(*! #8'(,A!1'<('*! '(:$<(-=(!
8$A(!G<,K:H!,-<!180('!,-=$EE,'K!<,8,!G(-D$'1-A(-8,E!;,',A(8(':HF!70$:!m1.E<!B,=$E$8,8(!
$-=1';1',8$1-! $-! :K-80(:$:! m1'X*! $A;'1D$-C! =1-8(?8.,E$r,8$1-! ,-<! =1A;,',%$E$8KF! O.'!
<,8,%,:(! =1-:$:8:! $-! 80(! (D,E.,8$1-! 1B! PPf!\O+! =0,',=8('$r,8$1-! :8.<$(:! '(;'(:(-8$-C!
,'1.-<!Pi^Q!.-$@.(!(-8'$(:!=1A;'$:$-C!($80('!<,8,!;1$-8:!1'!:8.<K!<(:='$;8$1-F!
#$-=(! 80(!1E<(:8! :8.<K!m(! '(D$(m(<! GL,':1-*!2hfiH! =1-<.=8(<! $-!]0$8(!/E,K!/'((X!
GS(--:KED,-$,*!YF#FZFH!,-<!;'(:(-8$-C!\O+!=1-8(-8!1B!;0(-1E*!=,'%10K<',8(*!E$;$<*!,A$-1!
! ^i!
,=$<! ,-<! ;'18($-! G<(8('A$-(<! %K! =1A;1.-<! =E,::$B$=,8$1-! ,-,EK:$:! ,-<! W/H*! '$D('$-(!
\O+!=0,',=8('$r,8$1-!:8.<$(:!0,D(!X-1m-!,-!(?;1-(-8$,E!$-='(,:(!(:;(=$,EEK!$-!80(!;,:8!
B$D(! K(,':F! Z:! :01m-! 1-! B$C.'(! 2*! '$D('$-(! \O+! =0,',=8('$r,8$1-! A(,:.'(A(-8:! 0,D(!
%((-! ,=@.$'(<! ,='1::! ,EE! =1-8$-(-8:!m$80! ,-! 0$C0('! :;,8$,E! =1D(',C(! $-! Y#Z! $-=E.<$-C!
ZE,:X,F! b1'! 8'1;$=,E! '(C$1-:! A1:8! 1B! 80(! <,8,! 0,D(! %((-! '(;1'8(<! B1'! 8m1! A,$-!
m,8(':0(<:*! 80(! ZA,r1-! G#($<(E! (8! ,EF*! PQ2RH! ,-<! /1-C1! '$D(':! G#8.%%$-:! (8! ,EF*! PQ2Q!
#;(-=('!(8!,EF*!PQ2TH!m$80!:,A;E$-C!=,A;,$C-:!C1$-C!B'1A!:A,EE!0(,<m,8(':!=,8=0A(-8:!
81! '$D('! A1.80F! Z! -(m! C'1m$-C! ;11E! 1B! '$D('$-(! \O+! =0,',=8('$r,8$1-! :8.<$(:! $:!
1'$C$-,8$-C! B'1A! /0$-(:(! '(:(,'=0! m$80! A1:8! 1B! 80(! :8.<$(:! B1=.:$-C! 1-! ,-80'1;$=!
$-BE.(-=(:! 1-! \O+! $-! '$D(':! BE1m$-C! 80'1.C0! .'%,-$r(<! ,'(,:! GU$,-C! (8! ,EF*! PQ2fHF! 5-!
Z'=8$=! '(C$1-:*! 80(! A,J1'$8K! 1B! 80(! :,A;E$-C! :$8(:! $:! m$80$-! 80(! C'(,8! ,'=8$=! '$D('!
m,8(':0(<:!$-!ZE,:X,*!/,-,<,!,-<!#$%('$,!GZA1-!(8!,EF*!PQ2PHF!#;(=8'1:=1;$=!8(=0-$@.(:!
'(EK$-C!1-!BE.1'(:=(-=(!,-<!,%:1'%,-=(!\O+!;'1;('8$(:!,'(!%K!B,'!80(!A1:8!m$<(:;'(,<!
8(=0-$@.(! m$80! A1'(! 80,-! RQ{! 1B! 80(! (D,E.,8(<! :8.<$(:! ;'(:(-8$-C! ,%:1'%,-=(! 1'!
BE.1'(:=(-=(!<,8,!Gb$C.'(!2F2HF!70$:!1D('!'(;'(:(-8,8$1-!1B!:;(=8'1:=1;$=! 8(=0-$@.(:! $:!







0,-<*! ,-,EK8$=,E! ,;;'1,=0(:! ,$A$-C! ,8! <(:='$%$-C! \O+! =1-:8$8.(-8:*! B1=.:$-C! 1-!
(E.=$<,8$-C!:;(=$B$=! B.-=8$1-,E!C'1.;:!,-<!A1E(=.E,'! :8'.=8.'(:!,-<!1-! 80(!180('!0,-<!
01E$:8$=!,;;'1,=0(:!,$A$-C!,8! $-8(';'(8$-C!A1E(=.E,'! 8'(-<:!m$80! '(C,'<:! 81!(=1E1C$=,E!
;'1=(::(:!,-<!\O+!B,8(F!4,'EK!A(801<:! B1'!\O+!=0,',=8('$r,8$1-!0,D(!%((-!;'$A,'$EK!





'$D('! A1.80*! ,$A$-C! ,8! <(:='$%$-C! 8(''(:8'$,E! (?;1'8! B'1A! E,-<! 81! 1=(,-! ,-<! C(-(',E!
m,8(':0(<! ;'1=(::(:*! '$D('! 8',-:(=8:! $-D(:8$C,8$-C! $-! :$8.! \O+! 8',-:B1'A,8$1-! ,='1::!
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%180!@.,E$8,8$D(EK!,-<!@.,-8$8,8$D(EKF!
! 70(!,$A!1B!80$:!:8.<K!m,:!81!C$D(!,!=1A;'(0(-:$D(!(D,E.,8$1-!1B!m0,8!0,D(!%((-!
<1-(! ,-<!m0('(*!m$80! '(C,'<! 81!\O+! =0,',=8('$r,8$1-! $-! '$D(':!m1'E<m$<(F! 70$:! $:! $-!
=1--(=8$1-!m$80!80(!1%:('D,8$1-!1B!/'((<!(8!,EF!GPQ2RH*!80,8!B(m!<,8,:(8:!,'(!,D,$E,%E(!81!
,-,EKr(! 80(! :;,8$,E! 0(8('1C(-($8K! ,-<! 8(A;1',E! D,'$,%$E$8K! 1B! \O/! =1-=(-8',8$1-! ,-<!
\O+! =1A;1:$8$1-! ,='1::! =1-8$-(-8:F! \(:;$8(! '(=(-8! $-='(,:(! $-! 80(! -.A%('! 1B!
;.%E$=,8$1-:! $-D(:8$C,8$-C! '$D('$-(! \O+! =0,',=8('$r,8$1-*! D,'$1.:! =0,EE(-C(:! '(A,$-F!
b(m! '$D(':! 0,D(! %((-! :8.<$(<! =1A%$-$-C! \O+! =0,',=8('$r,8$1-! ,;;'1,=0(:F!
#8,-<,'<$r,8$1-! 1B! A(801<:! ,EE1m$-C! B1'! '(E$,%E(! =1A;,'$:1-:! %(8m((-! :8.<$(:!
m1'E<m$<(! $:! -18! ,E'(,<K! ,=0$(D(<F! 3(=(-8! :,A;E$-C! (BB1'8:! 0,D(! (?8(-<(<! 80(! :;,8$,E!
=1D(',C(!%.8!1-!,!CE1%,E!;(':;(=8$D(!$8!$:!:8$EE!E$A$8(<F!70(!8(A;1',E!'(;'(:(-8,8$D(-(::!
1B!80(!:,A;E$-C!=,A;,$C-:!-((<:!81!%(!$A;'1D(<*!A1-$81'$-C!80(!B.EE!0K<'1E1C$=,E!=K=E(!
$-=E.<$-C! (?8'(A(! (D(-8:F! 70$:! :8'(::(:! 80(! -((<! B1'! 0$C0! 8(A;1',E! '(:1E.8$1-!
A(,:.'(A(-8:F! 70('(B1'(! -(m! $-! :$8.! :(-:1':! -((<! 81! %(! <(D(E1;(<! $A;EK$-C! 80(!
'(:(,'=0! ,-<! D,E$<,8$1-! 1B! '(E$,%E(! ;'1?$(:! B1'! \O+! @.,E$8KF! 70$:! m$EE! '(@.$'(! 80(!
;'1<.=8$1-! 1B! :;(=$B$=! <,8,:(8:! ,EE1m$-C! %.$E<$-C! :8'1-C! '(E,8$1-:0$;:! %(8m((-! \O+!
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« La vodka est bonne, la neige tombe et Oleg a apporté des 
concombres. On les coupe en lamelles, et on en croque une à 
chaque rasade. Oleg n’a pas parlé depuis longtemps. » 
 





































<(!A1<$B$('! E(:! =K=E(:! %$1C&1=0$A$@.(:! <,-:! =(:! '&C$1-:*! ,D(=! .-(! $-BE.(-=(!A,'@.&(!
:.'! E(:! 8',-:B('8:! <(! A,8$9'(:! <(:! A$E$(.?! 8(''(:8'(:! D(':! E(:! A$E$(.?! ,@.,8$@.(:! (8!
A,'$-:F!L(:! BE(.D(:!,'=8$@.(:! J1.(-8!.-!'eE(!:$C-$B$=,8$B!<,-:! E(:! 8',-:B('8:!<(!A,8$9'(:!
1'C,-$@.(:!<$::1.8(:!D(':!E>1=&,-!,'=8$@.(F!L,!='.(!<(!;'$-8(A;:!&8,-8!E,!;&'$1<(!1!E,!
A,J(.'(!;,'8$(!<(:!(?;1'8:!,!E$(.F!
618'(! &8.<(! D$:(! M! A(88'(! (-! &D$<(-=(! E,! D,'$,%$E$8&! :,$:1--$9'(! <(:! A,8$9'(:!
1'C,-$@.(:!<$::1.8(:!8',-:;1'8&(:!;,'!E(!5(-$::([!,B$-!<>$<(-8$B$('!E(:!;&'$1<(:!=E&:!(8!E(:!
B,=8(.':! <>$-BE.(-=(:! A,J(.':F! 61.:! ,D1-:! <1-=! &8.<$&! E,! <K-,A$@.(! <.! =,'%1-(!
1'C,-$@.(! <$::1.:! G/O\H! <,-:! E(! BE(.D(! 5(-$::([*! <.! ;1$-8! <(! D.(! <(:! D,'$,8$1-:! <(!
=1-=(-8',8$1-:!(8!<(:!E$(-:!,D(=!E,!=0$A$(!<(!E>(,.!(8!E>0K<'1E1C$(F!!
61.:! ,D1-:! A(-&! <(:! =,A;,C-(:! <>&=0,-8$EE1--,C(! <.',-8! 8'1$:! ,--&(:!
=1-:&=.8$D(:! GPQ2I!M!PQ2TH*! (-! =1.D',-8!,D(=!.-(!0,.8(! B'&@.(-=(!<(!;'&E9D(A(-8! E,!
;&'$1<(!<(!E,!='.(!<(!;'$-8(A;:!,B$-!<>(-!=,;8.'('!E,!<K-,A$@.(F!\(:!&=0,-8$EE1-:!<>(,.!
1-8!&8&!;'&E(D&:!,.!=(-8'(!<.!BE(.D(*!;(-<,-8!E,!;&'$1<(!1!E(!BE(.D(!(:8!C(E&*!M!8',D(':!E,!
CE,=(! G0$D('!(8!<&%.8!<(!;'$-8(A;:H*! J.:@.>M!@.(E@.(:! J1.':!,D,-8! E,!<&%}=E(! GA$lA,$H*!
;.$:!;(-<,-8!E,!:,$:1-!<>(,.!E$%'(!<.',-8!E>&8&!<(;.$:!.-!%,8(,.!GJ.$-l1=81%'(HF!
L(:! =1-=(-8',8$1-:! (-! /O\! :.$D(-8! E>0K<'1C',AA(*! ,D(=! E(:! =1-=(-8',8$1-:!
A,?$A,E(:!A(:.'&(:!@.(E@.(:! J1.':!,D,-8! E(!;$=!<(!='.(F!L(!/O\!,!,.::$! '&;1-<.!,.?!
D,'$,8$1-:! <(! <&%$8! <.! <&%.8! <>,.81A-(! G,.CA(-8,8$1-! ;'1%,%E(A(-8! E$&(! M! <(:!
;'&=$;$8,8$1-:! ;E.:! $-8(-:(:HF! L(! BE.?! <(! /O\! A1K(-*! <.',-8! E(:! 8'1$:! ,--&(:! <(!
;'&E9D(A(-8*! ,! &8&! <>(-D$'1-!I*R^!7C! ! K'l2*! =(! @.$! (:8! <(! E>1'<'(!<(! C',-<(.'! ',;;1'8&!
<,-:!E,!E$88&',8.'(F!5E!K!,!.-(!D,'$,%$E$8&!$-8(',--.(EE(!'(E,8$D(A(-8!$A;1'8,-8(!,D(=!E(:!










! Z'=8$=! :1$E:*! $-! ;,'8$=.E,'! ;('A,B'1:8*! =1A;'$:(! E,'C(! ,A1.-8:! 1B! 1'C,-$=!
=,'%1-F! /.''(-8! =E$A,8(! =0,-C(! =1.E<!A1<$B$K! %$1C(1=0(A$=,E! =K=E(:! $-! 80(:(! '(C$1-:*!
m$80! ,! :;(=$B$=! $-BE.(-=(! 1-! 80(! 8',-:B(':! 1B! A,8('$,E! B'1A! 8(''(:8'$,E! 81! ,@.,8$=! ,-<!
A,'$-(! (=1:K:8(A:F! Z'=8$=! '$D(':! ;E,K! ,-! $A;1'8,-8! '1E(! $-! <$::1ED(<! 1'C,-$=! A,88('!
8',-:B(':!81!80(!Z'=8$=!O=(,-*!80(!X(K!%($-C!80(!:;'$-C!B'(:0(8!m0(-!A1:8!1B!80(!(?;1'8!
1==.''(:F!
O.'! :8.<K! B1=.:(:! 1-! 80(! :(,:1-,E! D,'$,%$E$8K! 1B! <$::1ED(<! 1'C,-$=! A,88('!
8',-:B(''(<! %K! 80(! N(-$:($! 3$D('! 81! $<(-8$BK! X(K! ;('$1<:! ,-<!A,$-! =1-8'1EE$-C! B,=81':F!
\O/! <K-,A$=! 0,:! %((-! $-D(:8$C,8(<! $-! 80(! N(-$:($! 3$D('!m$80! '(C,'<! 81! @.,-8$8K! ,-<!
E$-X:!m$80!m,8('!=0(A$:8'K!,-<!0K<'1E1CKF!!
](! =1-<.=8(<! :,A;E$-C! =,A;,$C-:! <.'$-C! 80'((! =1-:(=.8$D(! K(,':! GPQ2I! 81!
PQ2TH*! =1D('$-C!m$80!,!0$C0! :,A;E$-C! B'(@.(-=K! 80(! :;'$-C! BE11<!;('$1<! 81! =,;8.'(! $8:!
<K-,A$=! (D1E.8$1-F! ! ],8('! :,A;E(:! 0,D(! %((-! 8,X(-! B'1A! 80(! A$<<E(! 1B! 80(! N(-$:($!
=0,--(E*!<.'$-C!80(!m$-8('!,-<!(,'EK!:;'$-C!80'1.C0!$=(*!.-8$E!,!B(m!<,K:!%(B1'(!$=(%'(,X!
GA$<l+,KH*!,-<!<.'$-C!80(!$=(!B'((!:(,:1-!B'1A!,!%1,8!GU.-(lO=81%('HF!
\O/! =1-=(-8',8$1-:! B1EE1m(<! 80(! 0K<'1C',;0! m$80! 0$C0(:8! =1-=(-8',8$1-:!
1%:('D(<! ,! B(m! <,K:! %(B1'(! ;(,X! <$:=0,'C(F! \O/! =1-=(-8',8$1-! ,E:1! '(:;1-<(<! 81!




<'$D(-! %K! <$:=0,'C(! ,A;E$8.<(F!](! =1-B$'A(<! 80(! $A;1'8,-8! '1E(! 1B! :;'$-C! B'(:0(8! $-!




















A$='1%$,E! <(=1A;1:$8$1-! 1B! ;'(D$1.:EK! B'1r(-! 1'C,-$=! =,'%1-! $:! ;18(-8$,EEK! 1-(! 1B! 80(!
A1:8!:$C-$B$=,-8!=,'%1-l=E$A,8(! B((<%,=X:*!%(=,.:(!1B! 80(!:$r(!1B! 80(!=,'%1-!;11E:!,-<!
80(!$-8(-:$8K!1B!=E$A,8(!B1'=$-C!,8!0$C0!E,8$8.<(:!G#=0..'!(8!,EF*!PQQi!n1D(-!(8!,EF*!PQ22!
<('!D1-!\($AE$-C!(8!,EF*!PQ2P!+,=\1.C,EE!(8!,EF*!PQ2P!#=0..'!(8!,EF*!PQ2^*!PQ2RHF!!
#(D(',E! '(:(,'=0! :8.<$(:! $-<$=,8(! 80,8! ;('A,B'1:8! 80,m*! ,;,'8! B'1A! (-0,-=$-C! :1$E!
,8A1:;0('(!C,:!(?=0,-C(!G/OP*!/VIH*!$:!,E:1!<'$D$-C!=0,-C(:!81!80(!E,8(',E!BE.?!1B!/!B'1A!
:1$E:! 81! B'(:0m,8('! ,-<! A,'$-(! (=1:K:8(A:! Gb'(K! ,-<! +=/E(EE,-<*! PQQh! 7,-X! (8! ,EF*!
PQ2P! _1-X! ,-<! W.:8,B::1-*! PQ2^HF! /E$A,8(! =0,-C(! 0,:! 80(! ;18(-8$,E! 81! $-BE.(-=(!
0K<'1E1C$=,E!,-<!%$1C(1=0(A$=,E!=K=E(:!$-!,'=8$=!'(C$1-:!Gc'$-C!(8!,EF*!PQ2TH!m$80!/E$A,8(!
A1<(E:! ;'(<$=8$-C! C'1.-<!m,'A$-C*! $-='(,:(<! ;'(=$;$8,8$1-*! 0$C0('! '$D('$-(! <$:=0,'C(!
,-<!<(='(,:$-C!:-1m!=1D('!<.',8$1-!,-<!(?8(-8!$-!80(!V$C0!Z'=8$=!G+=W.$'(!(8!,EF*!PQQh!
W'1::(! (8! ,EF*! PQ2THF! 70(:(! =0,-C(:! m$EE! E$X(EK! ,BB(=8! 80(! 8',-:B(':! 1B! (E(A(-8:! B'1A!
8(''(:8'$,E!81!,@.,8$=!(=1:K:8(A:!,-<!<$::1ED(<!1'C,-$=!=,'%1-!$:!;,'8$=.E,'EK!=1-=('-(<!
GW.1!(8!,EF*!PQQf!#=0..'!(8!,EF*!PQQi!+=W.$'(!(8!,EF*!PQ2Q!b(-C!(8!,EF*!PQ2^!V1EA(:!(8!
,EF*! PQ2^HF! /E$A,8(! =0,-C(! 0,:! 80(! ;18(-8$,E! 81! A1<$BK! BE.?*! =1A;1:$8$1-! ,-<! B,8(! 1B!





\$::1ED(<! 1'C,-$=! A,88('! 8',-:;1'8(<! ,-<! ;'1=(::(<! $-! $-E,-<! m,8(':! $:! ,-!
$A;1'8,-8!=1A;1-(-8!1B! 80(!CE1%,E!=,'%1-!=K=E(!G/1E(!(8!,EF*!PQQf!c,88$-!(8!,EF*!PQQiHF!
O'C,-$=!A,88('! =1-=(-8',8$1-:! $-! 80(! Z'=8$=! '$D(':! ,'(! ,A1-C! 80(! 0$C0(:8! '(;1'8(<! $-!
! fQ!












;('$1<! $:! '(E,8$D(EK! :01'8! G+,KlU.-(H! <'$D(-! %K! 80(! :;'$-C! :-1mlA(E8! GO;:,0E! (8! ,EF*!
2hhh!\$88A,'! ,-<!n,88-('*! PQQ^!V1EA(:! (8! ,EF*! PQ2P!+,--! (8! ,EF*! PQ2P! c'$-C! (8! ,EF*!
PQ2THF!4E(D,8(<!<$:=0,'C(!,::1=$,8(<!81!0$C0!\O/!=1-=(-8',8$1-:!!=,-!E(,<!.;!81!hQ{!1B!
80(! ,--.,E! \O/! BE.?! <.'$-C! 80$:! :01'8! ;('$1<! 1B! 8$A(! G\$88A,'! ,-<! n,88-('*! PQQ^!
3,KA1-<! (8! ,EF*! PQQf! #;(-=('! (8! ,EF*! PQQi*! PQQh,! ZA1-! (8! ,EF*! PQ2P! V1EA(:! (8! ,EF*!
PQ2PHF!70(!Z'=8$=!'$D(':!:;'$-C!BE11<!GB'(:0(8H!$:!,!'(E,8$D(EK!.-<(':8.<$(<!;('$1<!A,$-EK!
<.(!81!'(A18(-(::!,-<!0,':0!:,A;E$-C!=1-<$8$1-:!<.'$-C!80$:!:(,:1-!G$=(%'(,X*!$=(!J,A*!
=0,-C$-C!m(,80('H*! 80.:! 81! <,8(*! D('K! B(m! :8.<$(:! =,;8.'(<! 80(!m01E(! <K-,A$=! 1B! 80(!
:;'$-C!BE11<!;('$1<!,8!,!0$C0!8(A;1',E!'(:1E.8$1-F!#8.<$(:!80,8!(-=1A;,::!,!E,'C(!',-C(!






'1E(! $-! 80(!Z'=8$=!=,'%1-!=K=E(!m$80!1-(!1B! 80(!0$C0(:8! BE.?!1B!\O/! 81! 80(!Z'=8$=!O=(,-!
(:8$A,8(<! ,'1.-<! IF2! p! IFh! 7C! G\$88A,'! ,-<! n,88-('*! PQQ^HF! ZE801.C0! 1'C,-$=! =,'%1-!
BE.?(:! 1B! 80(! N(-$:($! 0,D(! %((-! =1D('(<! $-! :1A(! ;.%E$=,8$1-:! GL1%%(:! (8! ,EF*! PQQQ!










BE1m!;('$1<:!G]$-8('!,-<!#.AA('HF!71!C$D(! $-:$C08! $-81! 80(!;'1=(::(:!1==.''$-C!,E1-C!
m$80!\O/! =KE$-C*!m(!,E:1!A1-$81'(<!m,8('!;0K:$=1l=0(A$=,E! D,'$,%E(:! :.=0!,:!;V*! $1-!







m,8(':0(<! G2hhhlPQQiH! Gm1'E<>:! :$?80! E,'C(:8! ,--.,E! <$:=0,'C(HF! ^P{!1B! 80(!%,::$-! $:!
.-<('E,$-! %K! =1-8$-.1.:! ;('A,B'1:8*! 2P{! $:! <$:=1-8$-.1.:! ;('A,B'1:8*! ,-<! IR{! $:!
:;1',<$=! $:1E,8(<! ;('A,B'1:8! G#(''(r(! (8! ,EF*! PQQ^HF!The Yenisei watershed embodies 
three geographically distinct regions: mountainous headwater area of Southern Siberia, 
a relatively flat area of boreal forest in its central and northern parts, and the central 
siberian plateau corresponding to its northernmost large tributaries basin. The mean 
elevation is 670m and the average basin slope is 0.2% (Fabre et al., 2017). 70(!0$C0!
BE1m!;('$1<!E,:8:!B'1A!A$<l+,K!81!A$<lU.EK*!m$80!;(,X!<,$EK!<$:=0,'C(:!1==.''$-C!$-!8m1!
m((X:! $-! E,8(! +,K! ,-<! (,'EK! U.-(! ,-<! C(-(',EEK! (?=((<$-C! 2QQ! QQQ! A^:2F! 70(!
:8'(,ABE1m!$:!,E8('(<!%K!80(!;'(:(-=(!1B!E,'C(!0K<'1(E(=8'$=,E!<,A:!1-!80(!A,$-!=0,--(E!
,-<!$8:!E,'C(:8!8'$%.8,'K*!80(!Z-C,',!G#8.(B('!(8!,EF*!PQ22HF!\$:=0,'C(!<,8,:(8!.:(<!$:!B'1A!







O.'! :,A;E$-C! :$8(! $:! E1=,8(<! ,8! 80(! '$D('! A1.80*! ,8! 5C,'X,! GTf◦Pi2h6*!




81! 80(! B1'(:8! 8.-<',!(=181-(!m$80!D(C(8,8$1-!=0,',=8('$r(<!%K!A$?(<! B1'(:8!<1A$-,8(<!
%K! 8MAJ]/ DJ\?AJCM*! 0JC?M/ L\LTMKM*! ,?KNQM/ WN\?DC?BD! ,-<! 0JBND/ -J\?AJCMF! /E$A,8(! $:! ,!
8',-:$8$1-! %(8m((-! A1<(',8EK! =1-8$-(-8,E! m(:8('-! #$%('$,-! =E$A,8(! 81! :8'1-CEK!
=1-8$-(-8,E! (:8('-!#$%('$,-! =E$A,8(F!70(!,D(',C(!,--.,E! 8(A;(',8.'(! $:! lfFIu/!,-<! 80(!
A(,-!,--.,E!;'(=$;$8,8$1-!$:!,'1.-<!R2Q!AA!m$80!,%1.8!RQ{!1==.''$-C!<.'$-C!:.AA('!
A1-80:F! #-1m! =1D('! ,-<! $=(! ;,=X! .:.,EEK! (?8(-<:! B'1A! (,'EK! O=81%('! 81! E,8(! +,K!
G_.CE$-:XK*! PQQP! 31<$1-1m! (8! ,EF*! PQQTHF! 70(! ,'(,! $:! :$8.,8(<! m$80$-! 80(! =1-8$-.1.:!
;('A,B'1:8! %(E8! ,E801.C0! ;'(:(-8$-C! <$:=1-8$-.1.:! B(,8.'(:! 1-! ,! E1=,E! :=,E(! G4':01D*!
2hhT!31<$1-1D!(8!,EF*!PQQfHF!
PFPF^ #,A;E$-C!,-<!,-,EK:$:!;'181=1E:j!
](! =1EE(=8(<! m,8('! :,A;E(:! <,$EK! G(?=(;8! m0(-! :,B(8K! m,:! -18! C,'(-8((<*! $-!
;,'8$=.E,'!<.'$-C! $=(! BE1mH!<.'$-C! 80(!:;'$-C! BE11<!,-<!,8! E1m('! 8(A;1',E!:=,E(!<.'$-C!
E1mBE1m! ;('$1<! 81! =,;8.'(! 80(! :(,:1-,E! D,'$,%$E$8K! 1B! \O+! (?;1'8:! B'1A! 80(! N(-$:($!
m,8(':0(<F!#,A;E(:!m('(!=1EE(=8(<!m$80!<$BB('(-8!A(,-:!1B!8',-:;1'8!<(;(-<$-C!1-!80(!







71! '(=1D('! <$::1ED(<! 1'C,-$=!A,88('*! m,8('! :,A;E(:!m('(! B$E8('(<! $AA(<$,8(EK!
,B8('!=1EE(=8$1-!$-!5C,'X,!W(1='K1E1CK!L,%1',81'K!E,%1',81'K!80'1.C0!Wbqb!GQFfvAH!CE,::!




AL! CE,::! D$,E:! G;'(=1A%.:8(<! B1'! P0^Q! ,8! R^Qu/H*! D$,E:! m('(! B$EE(<! ,-<! =E1:(<! .-<('!
m,8('! 81! ,D1$<! 80(! ;'(:(-=(! 1B! ,$'! %.%%E(F! 5:181;$=! ',8$1:! m('(! <(8('A$-(<! m$80!
5:1;'$A(!2QQ!G4E(A(-8,'*!W('A,-KH!=1.;E(<!81!,!C(1lA.E8$BE1m!(@.$E$%',8$1-!:K:8(AF!!
b1'! $1-:! ,-,EK:$:* filtered :,A;E(:! m('(! 8',-:B(''(<! $-! ^Q! AL! -,EC(-(! %188E(:F!
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E,'C(! @.,-8$8$(:! 1B!\O/!;18(-8$,EEK!A1%$E$r,%E(! 81! '$D('$-(! :K:8(A:! GS'1X.:0X$-! (8! ,EF*!
PQ22!,-<!'(B('(-=(!80('($-HF!!
\O/!=1-=(-8',8$1-! $:!0$C0EK!D,'$,%E(!<.'$-C! 80(! B'(:0(8!;('$1<*! '(E,8$D(EK!:8,%E(!
<.'$-C!m$-8('8$A(!,-<!:01m:! E$A$8(<!D,'$,8$1-!<.'$-C! E,8(!:.AA('!(,'EK!,.8.A-F!70(!
$=(!%'(,X!;('$1<! :((A:! 81!%(! 80(!A1:8!<K-,A$=! 8$A(!1B! 80(! :;'$-C! B'(:0(8! %.8! $:! D('K!




<$:8'$%.8$1-!G:0,EE1m!,=8$D(! E,K('!(-0,-=$-C!',;$<! E,8(',E! BE1mH*! 8$A$-C!,-<!<K-,A$=!1B!
:-1mA(E8! $-<.=$-C! D,'$,8$1-! $-! 80(! =1-8'$%.8$1-! 1B! ,'(,:! m$80! <$BB('(-8! :81=X:! 1B!
A1%$E$r,%E(!/!A,K!(?;E,$-! $-8',l:(,:1-,E!D,'$,%$E$8K!1B!'$D('$-(!/! E1,<:!GS'1X.:0X$-!(8!
,EF*!PQQfHF!+,?$A.A!\O/!=1-=(-8',8$1-:!m('(!A(,:.'(<!,!B(m!<,K:!GRlfH!;'$1'!81!;(,X!
<$:=0,'C(*! :.CC(:8$-C! 80,8! ,! E,'C(! ;11E! 1B! \O+! =1.E<! %(! '(,<$EK! A1%$E$r(<! m$80! 80(!
:;'$-C!80,m!$-!=1-J.-=8$1-!m$80!,!<$E.8$1-!(BB(=8!1==.''$-C!,8!0$C0!<$:=0,'C(!m0(-!80(!
\O+! ;11E! :8,'8! 81! %(! <(;E(8(<! GV1'-%('C('! (8! ,EF*! 2hhI! c1K('! (8! ,EF*! 2hhf*! PQQQ!
+=W.$'(!(8!,EF*!PQQh!b1.=0&!(8!,EF*!PQ2fHF!70$:!;0(-1A(-1-!1B!A$:A,8=0!%(8m((-!;(,X!
\O/! ,-<! <$:=0,'C(! <.'$-C! :;'$-C! B'(:0(8! 0,:! ,E:1! %((-! '(;1'8(<! B1'! N(-$:($! /(-8',E!
#$%('$,-! SE,8(,.! '$D(':! GS'1X.:0X$-! (8! ,EF*! PQ22H*! ,-<! 0K:8('(:$:! (BB(=8! $-<.=$-C! \O/!
=1-=(-8',8$1-:!A,?$A,! 1-! 80(! '$:$-C! E$A%! 1B! 80(! 0K<'1C',;0! 0,D(! %((-! '(;1'8(<! B1'!








'(<.=8$1-:! $-! 8(''(:8'$,E! :.'B,=(! '.-! 1BB! ,::1=$,8(<! m$80! ,=8$D(! E,K('! <((;(-$-C! ,-<!
$-8(',=8$1-!m$80!<((;('!:1$E!01'$r1-!$-=E.<$-C!:1';8$1-!,-<q1'!A$-(',E$r,8$1-!;'1=(::(:!
,::1=$,8(<!m$80!E1-C('!'(:$<(-=(!8$A(!80,8!=,-!E1m('!\O/!=1-=(-8',8$1-:!Gn,m,0$C,:0$!
(8! ,EF*! PQQI!b'(K*! PQQR! #8'$(CE! (8! ,EF*! PQQR!W.CC(-%('C('! (8! ,EF*! PQQiHF!70$:!A$C08!%(!
=1A%$-(<! m$80! 80(! <(;E(8$1-! 1B! 80(! \O/! ;11E! :81'(<! $-! 81;:1$E! B'1A! 80(! ,-8(=(<(-8!
m$-8('!G6(BB!(8!,EF*!PQQT!#;(-=('!(8!,EF*!PQQh,!#8'$(CE!(8!,EF*!PQQRHF!!
! S'1X.:0X$-! (8! ,EF! GPQQ2*! PQQf*! PQ22,*! PQ22%H! 0,D(! $-D(:8$C,8(<! \O/! <K-,A$=*!
:1.'=(:! ,-<! BE.?(:! $-! N(-$:($! '$D('! 8'$%.8,'$(:! 1B! 80(! =(-8',E! #$%('$,-! ;E,8(,.F! +,$-!
8'$%.8,'$(:!:8.<$(<!,'(!80(!6$r0-K,K,!7.-C.:X,!G2fI!^QQ!XAP*!A(,-!,--.,E!<$:=0,'C(!
R2! XA^FK'2H! ,-<! 80(! n1=0(=0.A! GhT! IQQ! XAP*! PhFh! XA^FK'2H! $-! 7.',! ,-<! 80(!
S1<X,A(--,K,! 7.-C.:X,! G2T^! 2QQ! XAP*! ^QFf! XA^FK'2H! $-! c,KX$8F! 70(K! =1.E<! %(!
=1-:$<('(<!,:!'(;'(:(-8,8$D(!1B!80(!=1-8'$%.8$1-!81!80(!N(-$:($!3$D('!1B!80(!%1'(,E!B1'(:8!
(=1:K:8(A!1B! =(-8',E!#$%('$,!m$80!<$BB('$-C!;('A,B'1:8! =1D(',C(F!b'1A!,-!0K<'1E1C$=,E!
;1$-8! 1B! D$(m*! 80(:(! '$D(':! :01m!;(,X! BE1m!1==.''$-C! $-! 80(! B$':8!m((X! 1B! J.-(! GPQQTl
PQ2QH!m0$=0!m1.E<!%(!,B8('!N(-$:($!;(,X!BE11<!$-!PQ2I!,-<!PQ2R!GPRlPf!A,KH!,-<!=E1:(!
81! 80(! 8$A$-C!1B! PQ2T! Gh! J.-(HF!]$-8('! GO=81%('lZ;'$EH! BE1m!1B! 80(:(! '$D(':! '(;'(:(-8:!
1-EK!,!D('K!:A,EE!;1'8$1-!G^l22{H!1B! 80(!,--.,E!m,8('!(?;1'8*!m$80!:A,EE!'$D(':!1B! 80(!
'(C$1-! %($-C! =1A;E(8EK! B'1r(-! Gr('1! <$:=0,'C(! $-! +,'=0HF! 70(! A,$-! m,8('! (?;1'8!
=1''(:;1-<:! 81! 80(! +,KlU.-(! ;('$1<! ,==1.-8$-C! B1'! RRlf2{! 1B! 80(! ,--.,E! <$:=0,'C(F!
\O/!=1-=(-8',8$1-:!m('(!0$C0(:8!<.'$-C!:;'$-C!m$80!=1-=(-8',8$1-!,D(',C(!1B!2IFR!!IFf!
ACqL! B1'! 80(!n1=0(=0.A*!P2F^!!PFP!ACqL! B1'! 80(!6$r0-K,K,!7.-C.:X,!,-<!PQF2!!PFP!
ACqL! B1'! 80(! S1<X,A(--,K,! 7.-C.:X,F! 70(! ,D(',C(! ,--.,E! \O/! (?;1'8:! B'1A! 80(!
n1=0(=0.A!m('(!QFI^!7C*!2FPI!7C! B'1A!80(!6$rJ-K,K,!7.-C.:X,!,-<!QFRP!7C! B'1A!80(!





$-='(,:(! $-! \O/! =1-=(-8',8$1-! GB'1A! E(::! 80,-! R! ACqL! 81! ,EA1:8! ^Q! ACqLH! m$80!
$-='(,:$-C! E,8$8.<(! GB'1A! TRu! 81! Tfu6H*! $F(F! m$80! $-='(,:$-C! ;('A,B'1:8! =1D(',C(!
G<$BB('$-C! <(;80H! :.CC(:8$-C! 80,8! (?;1'8! 1B! \O+! B'1A! :1$E:! 81! :8'(,A:! $-! ;('A,B'1:8!
'(C$1-:!A,K!%(!=1-8'1EE(<!%K!80(!,=8$D(!E,K('!80$=X-(::F!!
! iP!
! 71E1A((D!(8!,EF! GPQ2IH!0,D(!=1-<.=8(<!,-! $-8(C',8(<!:8.<K!1B! 80(!/,'%1-!/K=E(!
=1A;1-(-8:!m$80$-! 80(!N(-$:($! %,:$-*! B'1A!A$<<E(! 81! E1m('! '(,=0!<.'$-C! 80(! :.AA('!
PQ2PF! /1-=('-$-C! \O/! =1-=(-8',8$1-! (D1E.8$1-! ,E1-C! 80(! =1.':(! 1B! 80(! N(-$:($! '$D('*!
80(K! 1%:('D(<! $-='(,:(! 1B! \O/! =1-=(-8',8$1-! B'1A! 80(! Z-C,',! '$D('! GRiu6H! 81! 80(!
=1-BE.(-=(! m$80! 80(! n.'($X,! '$D('! GTTu6H*! B1EE1m(<! %K! ,! :8,%E(! =1-=(-8',8$1-! %(B1'(!
'(,=0$-C! 80(!r1-(!m0('(!'$D('!,-<!:(,m,8('!A$?!=0,',=8('$r(<!%K!,!:0,';!<(='(,:(!1B!
\O/!=1-=(-8',8$1-F!70(:(!'(:.E8:!:.CC(:8!80,8!A,$-!=,'%1-!:1.'=(:!,'(!A1:8EK! E1=,8(<!











O.'! BE.?! (:8$A,8(*! %,:(<! 1-! PQ2IlPQ2T! <,8,! GIFR^! 7CFK'l2H*! $:!m$80$-! 80(! E1m('!
',-C(!1B! ;.%E$:0(<!<,8,! GIFTRlRFQi!7CFK'l2H! G7,%E(!PF2H*! 01m(D('!1.'! :8.<K! $:! 80(!1-EK!
1-(!%,:(<!$-!5C,'X,!m0$=0!$:!80(!C,.C$-C!:8,8$1-!B1'!80(!E1m('!N(-$:($!,-<!1.'!(:8$A,8(!
$-=E.<(:! ,! K(,'! GPQ2TH! m$80! 1D(',EE! :A,EE! <$:=0,'C(! =1A;,'(<! 81! ,D(',C(! K(,'F! 70(!
:;'$-C! BE11<! ;('$1<! $:! ,! ='.=$,E! A1A(-8! B1'! \O/! (?;1'8! m$80! .;! 81! TiFi{! 1B! ,--.,E!
8',-:B(':!<.(!81!0$C0!<$:=0,'C(!=1A%$-(<!m$80!0$C0!\O/!=1-=(-8',8$1-F!Z==1'<$-C!81!80(!
(:8$A,8(:! 1B! S'1X.:0X$-! (8! ,EF! GPQ22H*! 80(! =(-8',E! #$%('$,-! ;E,8(,.! '$D(':!
Gn1=0(=0.A*7(A%(-=0$*! 6$<KA*! 6$r0-K,K,! 7.-C.:X,*! S1<X,A(--,K,! 7.-C.:X,H*!
=1D('$-C! IfQ! hQQ! XAP! G! ,%1.8! 2iFR! {! 1B! 80(! 818,E! N(-$:($! m,8(':0(<H*! ;18(-8$,EEK!
=1-8'$%.8(:!81!.;!81!RQ{!1B!80(!,--.,E!\O/!BE.?!1B!80(!N(-$:($!G7,%E(!PF2HF!70(!N(-$:($!
'$D('! $:!1-(!1B! 80(!A,$-!=1-8'$%.81'!1B!\O/!m$80$-! 80(!S,-lZ'=8$=! '(C$1-! J.:8!,B8('! 80(!
L(-,!'$D('F!70(!;,-lZ'=8$=!m,8(':0(<!=1D(':!PQFR!?!2QT!XAP!m$80!80(!:$?!C'(,8(:8!,'=8$=!




bE.?! =,E=.E,8$1-! C(-(',EEK! <('$D(:! B'1A! \O/q<$:=0,'C(! '(E,8$1-:0$;*! ,E801.C0!
\O/! BE.?! (:8$A,8$1-! A,K! -18! %(! 818,EK! :8',$C08B1'm,'<! <.'$-C! :-1mA(E8! ;(,X! BE11<!
%(=,.:(! 1B! =1A;E(?! '(E,8$1-:0$;:! %(8m((-! E,-<=1D('! Gm(8E,-<! $A;,=8*! $-BE.(-=(! 1-!
:;(=$B$=! m,8('BE1m;,80! ,-<! ,D,$E,%E(! \O/! B1'! E(,=0$-CH! ,-<! \O/! BE.?! GL,.<1-! (8! ,EF*!
PQQI! b$-E,K! (8! ,EF*! PQQT! L,.<1-! (8! ,EF*! PQ22! O>\1--(EE! (8! ,EF*! PQ2T! ,-<! '(B('(-=(:!
80('($-HF!
6(8! 4=1:K:8(A! S'1<.=8$1-! ! G64SH! $:! 80(! %,E,-=(! %(8m((-! W'1::! S'$A,'K!
S'1<.=8$1-! GWSSH! ,-<! (=1:K:8(A! 3(:;$',8$1-! G3HF! 3$D('! :K:8(A:! E$-X! 8(''(:8'$,E!
E,-<:=,;(:*! $-! ;,'8$=.E,'! :1$E:*! 81! ,@.,8$=! ,-<! A,'$-(! (-D$'1-A(-8:*! 8',-:;1'8$-C*!
8',-:B1'A$-C!,-<!:81'$-C!8(''$C(-1.:!1'C,-$=!=,'%1-!m0$=0!=,-!'(;'(:(-8!,!:$C-$B$=,-8!









! 70(! A1:8! ;'1%,%E(! =E$A,8(! =0,-C(! :=(-,'$1! B1'! #$%('$,-! Z'=8$=! '(C$1-! $A;E$(:!
:0$B8! 1B! ;('A,B'1:8! %1.-<,'K! B.'80('! -1'80! ,-<! ,=8$D(! E,K('! <((;(-$-C! Gb'(K! ,-<!
+=/E(EE,-<*! PQQh! 31A,-1D:XK! (8! ,EF*! PQ2Q! Z-$:$A1D! (8! ,EF*! PQ2^! S1X'1D:XK! (8! ,EF*!
PQ2R! #=0..'! (8! ,EF*! PQ2R! W'1::(! (8! ,EF*! PQ2THF! 70(! =0,-C(! B'1A! =1-8$-.1.:! 81!
<$:=1-8$-.1.:! ;('A,B'1:8! A,K! $-<.=(! <(:='(,:(! $-! \O/! =1-=(-8',8$1-:! 1B! 80(!
-1'80('-A1:8!'$D(':!%K!,!A,?$A.A!1B!P!B1E<:!<(;(-<$-C!1-!80(!:;(=$B$=!C(1E1CK!,-<!:1$E!
=0,',=8('$:8$=:F! Z=8$D(! E,K('! 80$=X-(::! $-='(,:(!m$EE! $-D1ED(! <((;('! :1$E! 01'$r1-:! G=E,K*!
:,-<q:$E8:H! $-! m,8('! ;,80m,K:! $-<.=$-C! $-='(,:(<! :1';8$1-! 1B! 1'C,-$=! =1A;1.-<:! 1-!
A$-(',E! ;0,:(! Gn,$:('! (8! ,EF*! PQQP! O1:8('m1.<! (8! ,EF*! PQ2Q! +('C(E1D! ,-<! 7,'C.E$,-*!
PQ22!W(-8:=0!(8!,EF*!PQ2RHF!
O80('! A1<$B$=,8$1-:! 80,8! =1.E<! %(! $-<.=(<! %K! =E$A,8(! =0,-C(! ,-<! $A;,=8! \O/!
=K=E$-C! $-! ,'=8$=! '(C$1-:! $-=E.<(! =0,-C(:! $-! ;'(=$;$8,8$1-*! :(,:1-,E! ,-<! $=(! =1D('*! B$'(!
'(C$A(!,-<!D(C(8,8$1-!:8'.=8.'(!G]'1-,!(8!,EF*!PQ2T!,-<!'(B('(-=(!80('($-HF!!5A;1'8,-8!
=0,-C(:! ,'(! ,E:1! ;'(<$=8(<! B1'! 0K<'1E1C$=,E! '(C$A(! $-<.=(<! %K! $-='(,:(<! 1D(',EE!
! iI!
;'(=$;$8,8$1-! =1.;E(<! 81! $-='(,:(<! m$-8('! %,:(BE1m! ,-<! C'1.-<m,8('! B((<$-C!
GS1X'1D:XK!(8!,EF*!PQ2R!,-<!'(B('(-=(:!80('($-HF!V$C0('!'$D('!<$:=0,'C(!=1.E<!%,E,-=(!80(!
;18(-8$,E! '(<.=8$1-! $-! \O/! (?;1'8! ,::1=$,8(<! m$80! ,=8$D(! E,K('! 8$=X(-$-CF! 5-='(,:(<!
;('A,B'1:8! 80,m! =1.E<! $-<.=(! ,! :0$B8! $-! ,'=8$=! '$D('! :K:8(A:! B'1A! :.'B,=(lm,8('! 81!
C'1.-<m,8('!<1A$-,8(<!:K:8(A:!Gb'(K!,-<!+=/E(EE,-<*!PQQhH!m0$=0!=1''(:;1-<!81!80(!
=.''(-8! :8,8(! <.'$-C! m$-8('! ,-<! E,8(! :.AA('! %,:(BE1m! (?;1'8$-C! '(E,8$D(EK! E1m('!
,A1.-8:!1B!\O/!G+,--!(8!,EF*!PQ2PHF!!
/E$A,8(! =0,-C(! ,E:1! $A;E$(:! A1<$B$=,8$1-:! $-! ;E,-8! ;'1<.=8$1-! ,-<! D(C(8,8$1-!




O.'! '(:.E8:! :01m! 80,8! 80(! :;'$-C! BE11<!;('$1<!1B! 80(!N(-$:($!3$D('! $:! ='.=$,E! B1'!
\O/!(?;1'8*!=1-8'$%.8$-C!.;!81!fQ{!1B!818,E!\O/!(?;1'8!$-!E(::!80,-!P!A1-80:F!O.'!0$C0!
8(A;1',E!'(:1E.8$1-!1%:('D,8$1-:!,EE1m(<!.:!81!<(8,$E!\O/!<K-,A$=F!](!$<(-8$B$(<!80,8!
\O/! :$C-,E! $:!A,$-EK! <'$D(-! %K! <$:=0,'C(!m$80! ,! 0.C(! $-='(,:(! $-! \O/! =1-=(-8',8$1-!
<.'$-C!80(!'$:$-C!E$A%!1B!80(!B'(:0(8F!V1m(D('*!;(,X!$-!\O/!=1-=(-8',8$1-!1==.':!%(B1'(!
A,?$A.A! <$:=0,'C(F! 70$:! A,K! $A;EK! 80(! $-8(';E,K! 1B! ,! 0.C(! \O+! ;11E! '(,<$EK!
A1%$E$r,%E(! 81! ,@.,8$=! :K:8(A! <.'$-C! :-1mA(E8! ;('$1<! m0(-! BE.:0$-C! 1B! 80(! .;;('!
1'C,-$=!01'$r1-!,-<!;E,-8!E$88('!$:!80(!<1A$-,-8!BE1m;,80!B1'!m,8('F!70$:!0$C0!\O+!$-;.8!
;'1%,%EK!.-<('C1(:!,!<$E.8$1-!(BB(=8!<.'$-C!80(!;(,X!BE11<!,%1.8!Rlf!<,K:!,B8('!80(!\O/!
=1-=(-8',8$1-! '(,=0(<! $8:! A,?$A.AF! Z:! 0$C0E$C08(<! ;'(D$1.:EK*! \O/! =1-=(-8',8$1-!
.-<('C1(:!:8'1-C!:(,:1-,E!D,'$,8$1-:!m$80!<$BB('(-8!,'(,:!1B!80(!m,8(':0(<!=1-8'$%.8$-C!







'(:1E.8$1-! =,-!%(! D,E.,%E(! $-;.8:! B1'!A1<(E(':! 81!<(D(E1;*! D,E$<,8(! ,-<! '(B$-(!A1<(E:!
GV('',.E8!(8!,EF*!PQ2T!b,%'(!(8!,EF*!PQ2fHF!/'1::lm,8(':0(<!$-D(:8$C,8$1-!m1.E<!B,=$E$8,8(!
! iR!
CE1%,E! $-8(';'(8,8$1-:! 1B! 8'(-<:! 1B! 80(! $-8(C',8(<! \O/! :$C-,E! 1%:('D(<! ,8! 80(! '$D('!
A1.80F!#,A;E$-C!=,A;,$C-:!,8!A,$-!8'$%.8,'$(:!A1.80!m1.E<!,EE1m!,!%(88('!(D,E.,8$1-!






#,A;E(:! 0,D(! %((-! =1EE(=8(<! ,:! ;,'8! 1B! 80(! 7(''(:8'$,E! O'C,-$=! +,88('!
/0,',=8('$r,8$1-! $-!Z'=8$=!3$D(':!G7O+/Z3H!;'1J(=8F! !](!,'(!80,-XB.E! 81!ZEE$:1-!+K(':!
S$CC! B1'! ;,'8$=$;,8$-C! $-! 80(! =1EE(=8$1-! 1B! PQ2I! :,A;E(:! ,-<! ;'1=(::$-C! ,-<! ,-,EK:$:!
80(AF! ](! ,'(! C',8(B.E! 81! 6$X$8,! 7,-,-,(D! B1'! 0(E;! $-! (D('K! E(D(E:! 81! A,X(! 80(! B$(E<!
=,A;,$C-! ;1::$%E(! B'1A! ,<A$-$:8',8$D(! $::.(:! 81! :,A;E$-CF! #;(=$,E! 80,-X! 81! Z-,81E$!
S$A1D*!#('C([!,-<!S$18('! B1'! 80($'!;'(=$1.:! 8(=0-$=,E!0(E;! 81!C(8!1-! 80(! B$(E<!1B8(-!,-<!
:,B(F! ](! ,E:1! 80,-X! 80(! 5C,'X,! W(1='K1E1CK! L,%1',81'K! B1'! 01:8$-C! .:! <.'$-C! B$(E<!
=,A;,$C-:! ,-<! 80(! E,%1',81'K! 8(,A! B1'! 80($'! m(E=1A$-C! ,-<! 0(E;! 80'1.C08! 1.8! 80(!
A$::$1-:F! ](! ,'(! 80,-XB.E! 81! L,.'(! W,-<1$:*! S$(''(! ZE(?$:! V('',.E8! ,-<! +,?$A(!
\(:=0.K8(-(('! B1'! 80($'! 0(E;! $-! :,A;E$-C! 80'1.C08! 1.8! 80(! :.AA('! :(,:1-F! ](! ,'(!
80,-XB.E! 81!4E(-,!b(<1'1D,! B1'! E1C$:8$=,E!0(E;! $-!n',:-1K,':XF!#,A;E(!;'(;,',8$1-!,-<!
,-,EK:$:! $-! 71.E1.:(! m,:! ;1::$%E(! 80,-X:! 81! _$'C$-$(! S(K'(*! b'&<&'$=! U.E$(-*! b',-=X!
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δD = 8 δ18O + 10&
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« Ils m’ont jeté à l’eau, 
Comme c’est bien fait, j’n’attendais qu’ça, 
Moi, j’ai toujours fait de mon mieux, 
Ça les étonne mais je n’coule pas, 
Depuis j’regarde passer les berges, 
J’n’attendais qu’ça pour tout lâcher, 
Une petite brasse pour l’homme moderne  
Qui perd un peu pieds,  
Ils m’ont jeté à l’eau » 
 










L(:! '$D$9'(:! ,'=8$@.(:! 8',-:;1'8(-8! <(:! @.,-8$8&:! $A;1'8,-8(:! <(! A,8$9'(:!
1'C,-$@.(:! 8(''$C9-(:! D(':! E>1=&,-! Z'=8$@.(F! L(! 5(-$::([! (:8! .-! <(:! BE(.D(:! ,'=8$@.(:!
=1-8'$%.,-8!E(!;E.:!,.?!8',-:B('8:!<(!=,'%1-(!1'C,-$@.(!<$::1.:!D(':!E>1=&,-F!L,!A,J(.'(!
;,'8$(! <.! BE.?! <(! =,'%1-(! 1'C,-$@.(! <$::1.:! ,! E$(.! =0,@.(! ,--&(! <.',-8! E,! ='.(! <(!
;'$-8(A;:! GA,$lJ.$-HF! L(:! 1.8$E:! <(! =,',=8&'$:,8$1-! 1BB'(-8! E,! ;1::$%$E$8&! <(! 8',=('! E(:!
:1.'=(:*!E>}C(*!E>&8,8!<(!<&C',<,8$1-!(8!E,!=1A;1:$8$1-!C&-&',E(!<(!=(!=,'%1-(!1'C,-$@.(!
(?8'A(A(-8! A1%$E(F! \(! 8(EE(:! $-B1'A,8$1-:! ;('A(88(-8! <>,A&E$1'('! -18'(!








L(:! $-<$=,8(.':! ,::1=$&:! ,.?! ',8$1:! <(:! ;0&-1E:! <(! E,! E$C-$-(! :.CC9'(-8! @.(! E(:!
+O\!<&'$D(-8!;'$-=$;,E(A(-8!<(!%1$:!<(!CKA-1:;('A(:!;(-<,-8!E,!='.(!<(!;'$-8(A;:!
(8!1-8!.-(!:$C-,8.'(!;E.:! $-BE.(-=&(!;,'! E(!%1$:!<>,-C$1:;('A(:!;(-<,-8! E,!;&'$1<(!<(!
%,::(:!(,.?F!L,!B1'8!%1'&,E(!(:8!<1-=!=('8,$-(A(-8!.-!<(:!;1.'D1K(.':!;'$-=$;,.?!<(!
+O\! <.',-8! E,! ='.(! <(! ;'$-8(A;:F! L(:! $-<$=,8(.':! <(! <&C',<,8$1-! (8! <(! <$,C&-9:(!
:.CC9'(-8! @.(! <.',-8! E(:! ;&'$1<(:! <(! <&%$8:! A,?$A.A:*! E(:! +O\! ;'1D$(--(-8! <(! E,!
E$?$D$,8$1-!<(:!01'$r1-:!<(!:.'B,=(!(8!<(:!E$8$9'(:!D&C&8,E(:!,E1':!@.(!E,!;&'$1<(!<(!%,::(:!
(,.?! (:8! =,',=8&'$:&(! ;,'! <(:! &=1.E(A(-8:! ;E.:! ;'1B1-<:F! L(:! $-<$=,8(.':! <(!
BE.1'(:=(-=(!A1-8'(-8!.-(!@.,E$8&!<(:!+O\!=1-8',:8&(!(-8'(! E,!;&'$1<(!<(! ='.(!(8!<(!
%,::(:!(,.?!,D(=!.-(!$-BE.(-=(!8(''(:8'(!:.;&'$(.'(!;(-<,-8!E,!;&'$1<(!<(!='.(!,::1=$&(!
,D(=! .-! ;1$<:! A1E&=.E,$'(! (8! .-(! :$C-,8.'(! 0.A$@.(! ;E.:! &E(D&:F! L(:! A(:.'(:!
<>,%:1'%,-=(!:.CC9'(-8!.-(!,'1A,8$=$8&!;E.:!;'1-1-=&(!,.!=1.':!<(!E,!;&'$1<(!<(!='.(F!















V('(*! m(! ;'(:(-8! -(m! 0$C0! '(:1E.8$1-! <,8,! =1EE(=8(<! B'1A! (?8(-:$D(! :,A;E$-C!
=,A;,$C-! B'1A! PQ2I! 81! PQ2T! m$80! ,! :;(=$,E! B1=.:! 1-! :;'$-C! BE11<! ;('$1<:F! 3(D(':(!
1:A1:$:! :K:8(A! m,:! .:(<! B1'! \O/! $:1E,8$1-! ,-<! =1-=(-8',8$1-F! \O+! @.,E$8K! m,:!
<(8('A$-(<! =1A%$-$-C! =0,',=8('$r,8$1-! 8(=0-$@.(:*! .:$-C! E$C-$-! %$1A,'X(':*! 1;8$=,E!
;'1;('8$(:!,-<!',<$1=,'%1-!,C(!1B!\O+F!!
L$C-$-! ;0(-1E! ',8$1! $-<$=,81':! :.CC(:8(<! 80,8! \O+! $:! ;'$A,'$EK! <('$D(<! B'1A!
CKA-1:;('A! m11<! :1.'=(:! <.'$-C! :;'$-C! B'(:0(8! ,-<! 0,D(! ,! 0$C0('! $-BE.(-=(! B'1A!
,-CK1:;('A!m11<!<.'$-C! E1m! BE1m:F! 70.:*! %1'(,E! B1'(:8! $:! E$X(EK! 80(!A,$-! :.;;E$('! 1B!
\O+!<.'$-C!80(!B'(:0(8F!!!
\(C',<,8$1-! ,-<! <$,C(-$=! $-<$=,81':! :.CC(:8! 80,8*! <.'$-C! 0$C0! <$:=0,'C(*! \O+!
1'$C$-,8(:!B'1A!E(,=0$-C!1B!:.'B,=(!:1$E!01'$r1-!1'!;E,-8!E$88('!m0('(,:!%,:(!BE1m!;('$1<!
$:!=0,',=8('$r(<!%K!<((;('!m,8('BE1m!;,80F!bE.1'(:=(-=(!$-<$=,81':!:.CC(:8!=1-8',:8$-C!
\O+! @.,E$8K! %(8m((-! :;'$-C! B'(:0(8! ,-<! %,:(! BE1m! m$80! 0$C0('! 8(''(:8'$,E! $-BE.(-=(!
<.'$-C! BE11<! ;('$1<! ,::1=$,8(<! m$80! 0$C0('! A1E(=.E,'! m($C08! 1B! \O+! A1E(=.E(:! ,-<!














V$C0! -1'80('-! E,8$8.<(:! (-=1A;,::! ,! 0.C(! 1'C,-$=! =,'%1-! GO/H! '(:('D1$'*!
(:8$A,8(<! 81! 2IQQl2iRQ! SC! ,-<! '(;'(:(-8$-C! ,%1.8! RQ{! 1B! CE1%,E! :1$E! O/*! m$80! 80(!
A,J1'! ;,'8! EK$-C! $-! ;('A,B'1:8l,BB(=8(<! :1$E:! G7,'-1=,$! (8! ,EF*! PQQh! V.C(E$.:! (8! ,EF*!
PQ2^HF! Z'=8$=! '$D(':! <',$-$-C! 80(:(! '(C$1-:! 8',-:;1'8! ,--.,EEK! E,'C(! ,A1.-8! 1B!
8(''(:8'$,E! 1'C,-$=! A,88('! G7O+HF! Z%1.8! RFi! 7C! $:! 8',-:B(''(<! ,:! ;,'8$=.E,8(! 1'C,-$=!
=,'%1-!GSO/H!G+=/E(EE,-<!(8!,EF*!PQ2TH!,-<!^Il^i!7C!,:!<$::1ED(<!1'C,-$=!=,'%1-!G\O/H!
GV1EA(:!(8!,EF*!PQ2PHF!/1-:(@.(-8EK*!C'(,8!,'=8$=!'$D(':!;E,K!,-!$A;1'8,-8!'1E(!$-!CE1%,E!







=1A;1.-<:! 1'$C$-,8$-C! B'1A! D,'$1.:! 8(''(:8'$,E! 1'! ,@.,8$=! :1.'=(:! G;0K81;E,-X81-*!
D(C(8,8$1-*! :.'B,=(! 1'! <((;! :1$E! 01'$r1-*! ;(,8H! ,E1-C! m$80! A$='1%$,E! ;'1<.=8:! ,-<!
:01m$-C! =1-8',:8$-C! =0(A$=,Eq;0K:$=,E! ;'1;('8$(:! G'(=,E=$8',-=(*! ,C(HGn,E%$8r! (8! ,EF*!
PQQQHF! +,$-! B,=81':! =1-8'1EE$-C! '$D('$-(! \O+! =1A;1:$8$1-! =1A;'$:(! 80(! 8K;(! 1B!
D(C(8,8$1-! ,-<! :1$E! 1'C,-$=! A,88('! G],'<! ,-<! /1'K*! PQ2RH*! E(,=0$-C! ,-<! :1';8$1-!
;'1=(::(:! 1==.''$-C! $-! :1$E! A$-(',E! E,K(':! Gn,m,0$C,:0$! (8! ,EF*! PQQTH! ,-<! S0181lc$1l
<(C',<,8$1-!;'1=(::(:!1==.''$-C!m$80$-!80(!:1$El,@.,8$=!=1-8$-..A!G+,--!(8!,EF*!PQ2P!
OE(B(E<8! (8! ,EF*! PQ2^HF! Z==1'<$-CEK*! $-D(:8$C,8$-C! 80(! :1.'=(! ,-<! ,C(! 1B! O/! =,''$(<! %K!
,'=8$=! '$D(':!=,-!;'1D$<(!'(E(D,-8!X-1mE(<C(! 81!%(88('!.-<(':8,-<!CE1%,E!,-<!'(C$1-,E!
:=,E(! =,'%1-! =K=E$-C! ,-<! 8',-:B(':! .-<('! 80(! $-BE.(-=(! 1B! =E$A,8(! =0,-C(! Gb(-C! (8! ,EF*!
PQ2fHF!5-<((<*!,:!80(!Z'=8$=!m,'A:*!80(!%$1C(1=0(A$=,E!:$C-,8.'(!1B!'$D(':!,-<!:8'(,A:!
m$EE! E$X(EK!%(!,!'(E(D,-8! ! $-<$=,81'!1B!80(!'(:;1-:(!1B!,@.,8$=!,-<!,::1=$,8(<!8(''(:8'$,E!
(=1:K:8(A:! 81! =E$A,8(! =0,-C(! GV1EA(:! (8! ,EF*! PQQQ! b'(K! ,-<! +=/E(EE,-<*! PQQhHF! 5-!











,-<!:;'$-C!=,A;,$C-:F! 5-!,<<$8$1-! 81!@.,-8$8,8$D(!=0,-C(:! $-!(?;1'8(<!\O/*!,!C'1m$-C!
%1<K!1B! (D$<(-=(! ,E:1! :.CC(:8:! ,! E,'C(! :(,:1-,E! D,'$,%$E$8K! $-! $8:! @.,E$8K! G=1A;1:$8$1-*!
,C(*!%$1l!;0181lE,%$E$8KHF!_,'$1.:!1%:('D,8$1-:!0,D(!:01m-!A,'X(<!=0,-C(:!$-!=0(A$=,E!
\O+! =1A;1:$8$1-! $-! :1$E! ,-<! :8'(,A! m,8('! $-<.=(<! %K! ;'(=$;$8,8$1-:*! :-1mA(E8! ,-<!
:81'A! (D(-8:! Gb',-X! (8! ,EF*! PQQQ! c.BB,A! (8! ,EF*! PQQ2!\,Er(EE! (8! ,EF*! PQQR!V11<! (8! ,EF*!
PQQT!_$<1-!(8! ,EF*! PQQi! #,-<('A,-!(8! ,EF*! PQQhHF! #$C-$B$=,-8! :(,:1-,E! =0,-C(!1B!\O+!
=1A;1:$8$1-! 0,:! %((-! <1=.A(-8(<! :;(=$B$=,EEK! B1'! W'(,8! Z'=8$=! '$D(':! G#8(<A1-! (8! ,EF*!
PQ22!ZA1-!(8!,EF*!PQ2P!],EX('!(8!,EF*!PQ2^!+,--!(8!,EF*!PQ2TH!,-<! $-!;,'8$=.E,'! ! 80(!
N.X1-! GW.1!,-<!+,=<1-,E<*! PQQT! #8'$(CE! (8! ,EF*! PQQf! #;(-=('! (8! ,EF*! PQQi!/,1! (8! ,EF*!
PQ2TH! ,-<! n1EKA,! Gb$-E,K! (8! ,EF*! PQQT! 6(BB! (8! ,EF*! PQQT! +,--! (8! ,EF*! PQ2PH! '$D(':!
$-<$=,8$-C*!,:!,!C(-(',E!8'(-<*!:0$B8!B'1A!'(=(-8EK!;'1<.=(<!\O+!<.'$-C!#;'$-C!BE11<!81!
A1'(!,C(<!\O+!<.'$-C!%,:(lBE1m!;('$1<F!70('(B1'(*!$8!$:!-1m!,;;,'(-8!80,8!(?,A$-$-C!
:(,:1-,E$8K! $:! $A;1'8,-8! 81!.-<(':8,-<! 80(! B,8(!1B!Z'=8$=! '$D('!\O/!,:! 80$:! =1-8'1E:! $8:!
=1A;1:$8$1-*! ,-<! 80.:! $-BE.(-=(! $8:! :.:=(;8$%$E$8K! 81! %,=8('$,E! ,-<! ;0181=0(A$=,E!
<(C',<,8$1-!;'1=(::(:!<.'$-C!'$D('$-(!8',-:;1'8!,-<!E,8('!$-!80(!Z'=8$=!O=(,-F!!
/1-=('-$-C!:1E.8(!8',-:;1'8*!0K<'1E1C$=,E!=1--(=8$1-!1B!,!:8'(,A!81!$8:!m,8(':0(<!
$:! 1B! ;,'8$=.E,'! $A;1'8,-=(! GU(-=:1! (8! ,EF*! PQQh! L,.<1-! (8! ,EF*! PQ22! +,::$=188(! ,-<!
b'(-(88(*!PQ22!c$'X(E!(8!,EF*!PQ2I!c.'-:!(8!,EF*!PQ2THF!70$:!=1--(=8$D$8K!=0,-C(:!<.'$-C!
:(,:1-:*!m$80!0$C0('!=1--(=8$D$8K!<.'$-C!B'(:0(8!G5-=E.:$1-!1B!0$EE!:E1;(:*!D,EE(K!%1881A:*!
E1mE,-<:H! ,-<! E1m('! =1--(=8$D$8K! <.'$-C! m$-8('! E1m! BE1m! =1-<$8$1-:! G$-! ;,'8$=.E,'!
<$:=1--(=8$1-! 1B! 0$EE! :E1;(:HF! 5-! 80(! =,:(! 1B! ,! C'(,8! ,'=8$=! '$D('*! :.=0! ,:! 80(! N(-$:($*! $8!
m1.E<! $A;EK! 80,8! <.'$-C! :;'$-C! BE11<! ;('$1<*! 80(! A,J1'! ;,'8! 1B! 80(! m,8(':0(<! $:!




N(-$:($*! 80(!A,$-! =0,--(E! $:! B(<!%K! 8'$%.8,'$(:!<',$-$-C!,'(,:!m$80!<$BB('$-C!C(1E1C$=,E!
! 2QT!
Gn0,'.X!(8!,EF*!PQQ^!n,m,0$C,:0$!(8!,EF*!PQQI!n,m,0$C,:0$*!PQQT!#.EE,l+(-,:0(!(8!,EF*!
PQ22! 3180! (8! ,EF*! PQ2^! 71E1A((D! (8! ,EF*! PQ2IH*! =E$A,8$=! ,-<! D(C(8,8$1-,E! $-BE.(-=(:!
m0$=0!=,-!$A;,=8!\O+!:$C-,E!G\$EE1-!,-<!+1E18*!2hhf!+=WEK--!,-<!+=\1--(EE*!PQQ^!
4=X,'<!(8!,EF*!PQQf!3180!(8!,EF*!PQ2IHF!




,E8('! 8(''(:8'$,E! \O/*! $-=E.<$-C! 0.A$=! :.%:8,-=(! ,-<! E$C-$-! Gb',r$('! (8! ,EF*! PQQR!
#($8r$-C('! (8! ,EF*! PQQR! c,88$-! (8! ,EF*! PQQi! b,:=0$-C! (8! ,EF*! PQ2IHF! 70.:*! \O/! $-!
<1m-:8'(,A! (=1:K8(A:! ;18(-8$,EEK! '(;'(:(-8:! ,! E(C,=K! 1B! ;'$1'! A(8,%1E$=! ,=8$D$8$(:F!
V1m(D('*! <.'$-C! 80(! B'(:0(8! ;('$1<*! \O+! (?;1'8(<! A$C08! .-<('C1! '(<.=(!
8',-:B1'A,8$1-! <.'$-C! $8:! 8',-:;1'8! <.(! 81! '(<.=(<! '(:$<(-=(! 8$A(! ,-<! E1m! m,8('!
8(A;(',8.'(F! 5-! ,! '(=(-8! ;,;('*! 3,KA1-<! (8! ,EF*! GPQ2RH! $-8'1<.=(<! 80(! ;.E:(l:0.-8!
=1-=(;8F! 70(! ;.E:(! =1''(:;1-<:! 81! 0K<'1E1C$=,E! (D(-8:*! :.=0! ,:! :;'$-C! BE11<*! 80,8!
A1%$E$r(! \O+F! 70(! :0.-8! =1''(:;1-<:! 81! ',;$<! <1m-:8'(,A! 8',-:;1'8*! E$A$8$-C!
'(:$<(-=(!8$A(!,-<!(?;1:.'(!81!A$='1%$,E!,-<!;0181=0(A$=,E!'(,=8$1-:F!70$:!$:!$-<.=(<!
%K! $-='(,:(! $-! :8'(,A! m,8('! D(E1=$8$(:! ,::1=$,8(<! m$80! 0$C0l<$:=0,'C(! ;('$1<:F/](!
B1=.:(<! 1.'! :,A;E$-C! (BB1'8! 1-! 80(! X(K! ;('$1<! 1B! 80(! :;'$-C! B'(:0(8! :,A;E(<! ,8! 0$C0!
8(A;1',E! B'(@.(-=K! =1A%$-(<! m$80! ,<<$8$1-,E! :,A;E(:! ! :;,--$-C! 80(! m01E(! ',-C(! 1B!
0K<'1E1C$=,E! =1-<$8$1-! ,='1::! 80'((! =1-:(=.8$D(! K(,':F! V('(*! m(! '(;1'8! 1;8$=,E!
;'1;('8$(:! $-! =1A%$-,8$1-! m$80! E$C-$-! %$1A,'X(':! ,-<! ',<$1=,'%1-! ,C(! <,8,! 81! C$D(!
$-B1'A,8$1-!1-!\O+!:1.'=(:!,-<!<(C',<,8$1-!:8,8(!,E1-C!80(!0K<'1E1C$=,E!=K=E(!1B! 80(!





PQ2^! 71E1A((D! (8! ,EF*! PQ2I! V('',.E8! (8! ,EF*! PQ2T! +,--! (8! ,EF*! PQ2TH*! 01m(D('*!
(D,E.,8$1-!1B!\O+!=1A;1:$8$1-!,-<!@.,E$8K!,E1-C! 80(!0K<'1E1C$=,E! =K=E(! $:! :8$EE! :=,'=("!
O.'!1%J(=8$D(:!m('(!81!,-:m('!80(!B1EE1m$-C!@.(:8$1-:!j!V1m!<1(:!1D(',EE!=1A;1:$8$1-!






O.'! :,A;E$-C! :$8(! $:! E1=,8(<! =E1:(! 81! 80(! '$D('!A1.80! G,%1.8! ^QQ!XA! :1.80H*! ,8!
5C,'X,!GTf◦Pi2h6*!iT◦^^^24H*!-1'80('-!n',:-1K,':X!n',$*!3.::$,-!b(<(',8$1-F!70$:!
:;(=$B$=! E1=,8$1-! ,EE1m:! .:! 81! A1-$81'! ,-! $-8(C',8(<! :$C-,E! 1B! A1:8! 1B! 80(! m,8(':0(<!
m$801.8!8$<,E!,-<!A,'$-(!$-BE.(-=(!1-!:,E$-$8K!,-<!m,8('!=0(A$:8'KF!70(!m,8(':0(<!,'(,!
,8! 80$:! ;1$-8! =1D(':! PFII!A$EE$1-! XAPF! b1'!A1'(! <(8,$E:! 1-! 80(! 5C,'X,! =1-8(?8! ,-<! 80(!
N(-$:($!m,8(':0(<!<(:='$;8$1-!:((&=0,;8('!P!:(=8$1-!PFPF2!,-<!PFPFP!,-<!b$C.'(!PF2F!
^FPFP #,A;E$-C*!:,A;E(!;'(;,',8$1-!,-<!,-,EK:$:j!
](! =1EE(=8(<! m,8('! :,A;E(:! <,$EK! G(?=(;8! m0(-! :,B(8K! m,:! -18! C.,'(-8((<*! $-!





],8('! :,A;E(:! B1'! BE.1'(:=(-=(! ,-<! ,%:1'%,-=(! A(,:.'(A(-8:! m('(! B$E8('(<!
$AA(<$,8(EK! ,B8('! =1EE(=8$1-! $-! 5C,'X,! W(1='K1E1CK! L,%1',81'K! 80'1.C0! Wbqb! GQFfvAH!
CE,::!B$%('!B$E8(':!G]0,8A,-*!Y-$8(<!#8,8(:H!G;'(=1A%.:8(<!B1'!R0!,8!IRQu/H!1-!CE,::m$'(!





A,<(! $-! 2Q! AA! o.,'8r! 8.%(! m$80! P! A$''1':! ,8! PQu/F! bE.'1(:=(-=(! $-<(?! Gb5H! m,:!
=,E=.E,8(<!,:!80(!',8$1!1B!(A$::$1-!$-8(-:$8$(:!,8!m,D(E(-C80:!IfQ!,-<!RPQ!-A!1%:('D(<!
B1'!(?=$8,8$1-!,8!^fQ!-A!G+=n-$C08!(8!,EF*!PQQ2!/1'K!,-<!+=n-$C08*!PQQR!b(EEA,-!(8!,EF*!
PQ2Q,HF! b'(:0-(::! $-<(?! Gy!j!zH!m,:!<(8('A$-(<!,:! 80(! ! ',8$1!1B! (A$::$1-! $-8(-:$8K! ! ,8!
^iQ! -A! <$D$<(<! %K! 80(! A,?$A.A! $-8(-:$8K! 1%:('D(<! %(8m((-! ! IPQ! ,-<! I^R! -A! ,8!
(?=$8,8$1-! ^2Q! -A! (S,'E,-8$! (8! ,EF*! PQQQ!]$E:1-! ,-<! `(-1;1.E1:*! PQQh).! V.A$B$=,8$1-!
$-<(?! GV5`H!m,:! =,E=.E,8(<! ,:! 80(! ;(,X! ,'(,! .-<('! 80(! (A$::$1-! :;(=8',! I^RlIiQ! -A!
! 2Qi!
<$D$<(<!%K!80(!;(,X!,'(,!.-<('!^QQl^IR!-A!,8!(A$::$1-!PRI!-A!G:1E-,K!(8!,EF*!2hhhHF!






,%:1'%,-=(! ,8! PRI! -A! G#Y_Z! PRI*! L! ACl/l2! Al2H! m,:! <(8('A$-(<! ,:! 80(! Z%:1';8$1-!
=1(BB$=$(-8! A(,:.'(<! ,8! PRI! -A! <$D$<(<! %K! 80(! \O/! =1-=(-8',8$1-! G]($:0,,'! (8! ,EF*!
PQQ^HF!Z%:1'%,-=(!.-$8:!m('(!=1-D('8(<!81!,%:1';8$1-!=1(BB$=$(-8:!,:j!!
M!|!PF^Q^!ZqE!
m0('(! M|! ,%:1';8$1-! =1(BB$=$(-8! GAl2H*! Z! |! ,%:1'%,-=(! ,-<! E|! ;,80! E(-C80! GAHF! 70(!
:;(=8',E! :E1;(:! m('(! =,E=.E,8(<! B1'! 80(! $-8('D,E:! PfRlPhR! -A! ,-<! ^RQlIQQ! -A! .:$-C!




1B! 80(! m,8('! =1E.A-! $-! PQL! ;E,:8$=! =,'%1KF! 5AA(<$,8(EK! ,B8('! =1EE(=8$1-*! 80(:(! E,'C(!
m,8('! :,A;E(:! G2QQLH! m('(! B$E8('(<! ,-<! =1-=(-8',8(<! ,8! 80(! 5C,'X,! W(1='K1E1CK!
L,%1',81'K! Gn',:-1K,':X! n',$*! 3.::$,H*! .:$-C! ,! =1.;E(<! 8,-C(-8$,E! BE1m! B$E8',8$1-! .-$8!
G7bbH!GS('$:8,E8$=!;.A;!w!S(EE$=1-P!=,::(88(!B$E8(':!.E8',B$E8',8$1-*!+$EE$;1'(!=1';1',8$1-*!
c$EE('$=,*! YF#FZFH! ,-<! ,! '(D(':(! 1:A1:$:! :K:8(A! G3OH! G3(,E#1B8! S3O#qP#*! S1'8,%E(!
3(D(':(! O:A1:$:! #K:8(A:*! Z8E,-8,*! YF#FZFHF! 70(! B$':8! :8(;! 1B! 7bb! ,EE1m:! =1-=(-8',8$-C!
;,'8$=.E,8(!A,8('$,E!,-<!1%8,$-$-C!B$E8',8(!80,8!=,-!%(!;'1;('EK!;'1=(::(<!%K!3OF!70(!3O!
:K:8(A!,EE1m:!=1-=(-8',8$-C!<$::1ED(<!A,8('$,E!,%1.8!2Q!8$A(:!81!1%8,$-!E,'C(!@.,-8$8$(:!
1B!A,8('$,E! G0.-<'(<:!1B!ACH! 81!%(!,%E(! 81!=1-<.=8!A1E(=.E,'!,-<! $:181;$=!,-,EK:$:!1-!
\O+F! 3O! :K:8(A:! 0,D(! %((-! (A;E1K(<! $-! :(D(',E! :8.<$(:! B1'! 80(! $:1E,8$1-! 1B! \O+!
'(B('(-=(!A,8('$,E!G#.m,--((!3$D('H!G#('X$r!,-<!S('<.(*!2hhQ!W'((-!(8!,EF*!PQ2RH!,-<!
<$D(':!\O+!=1-=(-8',8$1-q=0,',=8('$r,8$1-!;.';1:(:! $-! D,'$1.:! ,@.,8$=! (-D$'1-A(-8:!
G/E,$'!(8!,EF*!2hh2!#.-!(8!,EF*!2hhR%!WJ(::$-C!(8!,EF*!2hhi!n$8$:!(8!,EF*!PQQ2!O.(EE(8!(8!,EF*!
PQQi!n1;'$D-J,X!(8!,EF*!PQQh!+,1!(8!,EF*!PQ2P!0,-C!(8!,EF*!PQ2I!U10-!3F!V(EA:*!PQ2RHF!
70$:! 8(=0-$@.(! 0,:! ;'1D(-! 81! 0,D(! 1-(! 1B! 80(! %(:8! '(=1D('K! (BB$=$(-=K! B1'!\O+! G1D('!
hQ{H!G+,.'$=(!(8!,EF*!PQQP!+$-1'!(8!,EF*!PQ2IHF!/1-=(-8',8(<!m,8('!:,A;E(:!m('(!80(-!
! 2Qh!
B'1r(-! B1'! :81',C(! ,-<! 8',-:;1'8(<! 81! 4=1L,%! B,=$E$8$(:! $-! 71.E1.:(*! b',-=(F! S'$1'! 81!
B.'80('! ,-,EK:$:*! :,A;E(:! m('(! B'((r(l<'$(<! GZE;0,! 2lP! b'((r(! \'K('*! +,'8$-! /0'$:8*!
O:8('1<(*!W('A,-KH! 81!1%8,$-!,! =1-=(-8',8(<!<$::1ED(<!A,8('$,E!;1m<('!(,:K! 81! :81'(!
,-<!0,-<E(!B1'!;'(;,',8$1-!,-<!B.'80('!,-,EK:$:F!
71! <(8('A$-(! O/! =1-8(-8! ,-<! /q6! ',8$1:! 1B! B'((r(! <'$(<! \O+*! :,A;E(:! m('(!
,=$<$B$(<! 81! '(A1D(! $-1'C,-$=! =,'%1-F! 70(! ;'181=1E! =1-:$:8:! $-! ,=$<! B.A$C,8$1-! m$80!




! #,A;E(:! B'1A! PQ2I! B$(E<! =,A;,$C-! m('(! ,-,EKr(<! B1'! E$C-$-! ;0(-1E:! ,8! 7(?,:!
Zk+*! <(;,'8A(-8! 1B! +,'$-(! #=$(-=(*! B1EE1m$-C! L1.=01.,'-! (8! ,E*! GPQ2QH! ;'181=1EF!
Z-,EK:(:! B1'! PQ2R! ,-<! PQ2T! :,A;E(:! m('(! ;('B1'A(<! ,8! 80(! W(1:=$(-=(:*! +,'$-(!
W(1=0(A$:8'K! L,%1',81'K! ,8! 80(! ZEB'(<! ](C(-('! 5-:8$8.8(*! c'(A('0,D(-*! W('A,-KF!
#,A;E(! ;'(;,',8$1-*! ;'$1'! 81! W/q+#! $<(-8$B$=,8$1-! ,-<! @.,-8$B$=,8$1-! 1B! $-<$D$<.,E!
%$1A,'X(':*! =1-:$:8(<! $-!+$='1m,D(!ZEX,E$-(!/.O!1?$<,8$1-!A(801<! 81! (?8',=8! L$C-$-l
<('$D(<! ;0(-1E:! G:((! W1$! ,-<! +1-8C1A('K*! PQQQ! ]$-8('B(E<! (8! ,EF*! PQ2RHF! 70(!
;'1=(<.'(!m,:!=,''$(<!1.8!$-!7(BE1-!D(::(E:!m$80!-$8'1C(-l;.'C(<!P6!6,OV!,8!2RQu/!B1'!
2FR!0! $-!,!A$='1m,D(!<$C(:8$1-!:K:8(AF!S'$1'! 81!(?8',=8$1-*! $-8('-,E! '(=1D('K!:8,-<,'<!
G4_5!,8!II LqAL!,-<!/-Z<!,8!LqALH!m,:!,<<(<F!#,A;E(:!m('(!(?8',=8(<!m$80!(80KE!
,=(8,8(*! (D,;1',8(<! .-<('! ,! -$8'1C(-! :8'(,A! ,-<! '(l<$::1ED(<! $-! ;K'$<$-(F! S'$1'! 81!
W/q+#!;'1=(::$-C*!:,A;E(:!m('(!<('$D,8$r(<!m$80!\JDl8'$A(80KE:$EKE! 8'$BE.1'1,=(8,A$<(!
Gc#7bZH!w2{!8'$A(80KE=0E1'1:$E,-(!G7/+#HF!W/l+#!:,A;E(!,-,EK:$:!A(801<!m,:!:$A$E,'!
81!W1-$!(8!,EF*! GPQQhH*!V,88(-!(8!,EF*! GPQ2PH*!]$-8('B(E<!(8!,EF*! GPQ2RHF!Z:! E$C-$-!;0(-1E:!
$<(-8$B$=,8$1-! ,-<! @.,-8$B$=,8$1-!m('(!A,<(! $-! 8m1! <$:8$-=8! E,%:!m$80! CE1%,EEK! :$A$E,'!
;'181=1E:*!,;,'8! B'1A!:1A(!:;(=$B$=!=,E$%',8$1-!:8(;:!A,<(! B1'!A(,:.'(A(-8:!,8!7(?,:!
Zk+! GPQ2I! :,A;E(:HF! S18(-8$,E! :1.'=(:! 1B! <$:='(;(-=$(:! %(8m((-!A(,:.'(A(-8:!A,K!
1'$C$-,8(! B'1A! 80(! <$BB('$-C! :(-:$8$D$8$(:! ,-<! :(8! .;! 1B! 80(! W/q+#! .:(<F! #.=0!
;0(-1A(-1-!A1:8EK!,BB(=8(<!/!;0(-1E:!@.,-8$B$=,8$1-!G80,8!m('(!80(!E(::!=1-=(-8',8(<!






,8! 80(! W(1:=$(-=(:*! +,'$-(! W(1=0(A$:8'K! L,%1',81'K! ,8! Z]5! 1-! ,! +5/Z\Z#! :K:8(A!
G51-;E.:! ZW! \$(8$X1-*! #m$8r('E,-<HG#K-,E! (8! ,EF*! PQQf*!],=X('! (8! ,EF*! PQ2Q,HF! #,A;E(:!
m('(!m($C08(<! $-81! :$ED('! %1,8:! 81! 1%8,$-! ,%1.8! 2!AC! 1B! O/! B1'! ,-,EK:$:F! 5-! 1'<('! 81!
'(A1D(! =,'%1-,8(:*! :,A;E(:! m('(! ,=$<$B$(<! %K! <'1;m$:(! ,<<$8$1-! 1B! V/E! G2P6H*! ,-<!





\$::1ED(<! E$C-$-! BE.?(:! m('(! (:8$A,8(<! .:$-C! 80(! Y#W#! :1B8m,'(! LOZ\4#7!
G3.-X(E! (8! ,EF*! PQQIHF! 70$:! :1B8m,'(!<(D(E1;;(<!%K! 80(!Y#W#!0,:!%((-! E,'C(EK!.:(<! 81!
<(8('A$-(! (E(A(-8:! E1,<:! ,-<! BE.?(:! $-!m1'E<m$<(! '$D(':! $-=E.<$-C! C'(,8! ,'=8$=! '$D(':!
G3,KA1-! (8! ,EF*! PQQf! V1EA(:! (8! ,EF*! PQ2PHF! LOZ\4#7! ,EE1m:! 81! '(=1-:8'.=8! <,$EK!
<$::1ED(<! E$C-$-! E1,<:! .:$-C! '(C'(::$1-! A1<(E:! =,E$%',8(<! m$80! <$:='(8(! ;,$':! 1B!
A(,:.'(<!<$::1ED(<!E$C-$-!=1-=(-8',8$1-!,-<!<,$EK!<$:=0,'C(!<,8,!,-<!,;;EK$-C!$8!81!80(!
=1A;E(8(! <,$EK! <$:=0,'C(! <,8,! :(8F! 70(! A1<(E! :(E(=8$1-! m,:! %,:(<! 1-! Z5/! GZX,$X(!









70(! N(-$:($! 0K<'1C',;0! $:! =0,',=8('$r(<! %K! 8m1! =1-8',:8$-C! ;('$1<:*! E1m! BE1m!




<$:=0,'C(! E$X(EK! <.(! 81! 0$C0('! ;'(=$;$8,8$1-! ',8(! $-! :1A(! ;,'8:! 1B! 80(! m,8(':0(<!
! 222!
C(-(',EEK!$-<.=$-C!'(:;1-:(!$-!\O+!=1A;1:$8$1-!,-<!=1-=(-8',8$1-F!58!0,:!81!%(!-18(<!
80,8! 80(! 1D(',EE! E1m! BE1m! ;('$1<! 1-EK! ,==1.-8:! B1'! ,%1.8! RQ{! 1B! 80(! ,--.,E! m,8('!
(?;1'8:! ,-<! B1'! E(::! 80,-! 2R{! 1B! ,--.,E! E$C-$-! <$:=0,'C(F! 70(! :;'$-C! BE11<! ;('$1<*!




7,%E(! ^F^! :.AA,'$:(:! 80(! ,D(',C(! D,E.(:! 1B! \O+! =0,',=8('$r,8$1-! $-<$=,81':!




! #Y_ZPRI!D,E.(:! ',-C(<! B'1A! PF2! 81! RFi! L! ACl\O/l2! Al2! G,D(',C(|^Fhi*! -|22RH*!
m$80!0$C0(:8!D,E.(:!<.'$-C!:;'$-C! BE11<!G,D(',C(|IFP*!-|RTH*!,-<! E1m(:8!D,E.(:!<.'$-C!








m,:! :$A$E,'! ,='1::! :,A;E$-C! K(,':*! m$80! ,! <K-,A$=! =E1:(! 81! 80(! <$:=0,'C(*! m$80!
$-='(,:$-C!,^RQ!m$80!$-='(,:$-C!<$:=0,'C(!,-<!;(,X$-C!Rlf!<,K:!%(B1'(!;(,X!<$:=0,'C(F!
V$C0(:8! ,^RQ! D,E.(:! m('(! '(=1'<(<! <.'$-C! B'(:0(8! ;('$1<! G,D(',C(|PiFf*! -|RTH! ,-<!
E1m('! D,E.(:! m('(! 1%:('D(<! <.'$-C! E1m! BE1m! ;('$1<! G,D(',C(|hFi*! -|RhH! #E$C08!
<$:=0,'C(! $-='(,:(! <.'$-C! E,8(! :.AA('q(,'EK! ,.8.A.-! PQ2I! ,-<! PQ2R! $-<.=(<!
'(:;1-:(!$-!,^RQ!:$C-,E!m$80!0$C0('!D,E.(:!B1'!80$:!;('$1<!=1A;,'(<!81!<$'(=8!;1:8!BE11<!
,-<! m$-8('! ;('$1<! GB'1A! hF2! 81! 2^Fi! $-! PQ2I! ,-<! B'1A! fFT! 81! PQFI! $-! PQ2RHF! ,^RQ!






:$A$E,'! 1-! ,-! $-8(',-.,E! :=,E(! E1m(:8! D,E.(:! m('(! '(;1'8(<! <.'$-C! #;'$-C! BE11<!
G,D(',C(|QFQ2T*! -|RTH! ,-<! 0$C0(:8! <.'$-C! m$-8('! E1m! BE1m! =1-<$8$1-! G,D(',C(|QFQR*!
-|RhHF!#PfRlPhR!$-='(,:(<!J.:8!,B8('!80(!(-<!1B!80(!BE11<!$-!A$<!:.AA('*!m0(-!<$:=0,'C(!$:!
%,=X! 81! %,:(BE1mF! \$:=0,'C(! '$:(! <.'$-C! E,8(! :.AA('q(,'EK! ,.8.A.-! $-<.=(<! ,! :E$C08!
<(='(,:(!$-!#PfRlPhR!:$C-,E!%(B1'(!,!:8(,<K!'$:(!.-8$E!:8,%E(!m$-8('!E1m!BE1m!=1-<$8$1-:F!!
4QNLA?DC?BC?/JBOJC?D/
b5! D,'$(<! ,E1-C! m$80! <$:=0,'C(*! b5! <(='(,:$-C! m$80! $-='(,:$-C! <$:=0,'C(F! 70(!
'(E,8$1-:0$;! %(8m((-! b5! ,-<! <$:=0,'C(! m,:! :8'1-C! B1'! E1m! BE1m! ,-<! ,%:(-8! ,8! 0$C0!
<$:=0,'C(! G3P|QFQTH! m$80! b5! D,E.(:! '(,=0$-C! ,! ;E,8(,.! GE1m! BE1m! '(E,8$1-! b5|T?2Ql
Tow2FRi*!3P|QFRi*!CE1%,E!,D(',C(|2FIR*!-|22RH!Gb$C.'(!^FhHF!_,E.(:!',-C(<!B'1A!2F^I!81!
2FRf*!m$80!E1m(:8!D,E.(:!'(=1'<(<!<.'$-C!:;'$-C!BE11<!G,D(',C(|2FI*!-|RTH!,-<!0$C0(:8!
<.'$-C! E1m! BE1m! G,D(',C(|2FIh*! -|RhHGb$C.'(! ^FTHF! #$C-,E! (D1E.8$1-! m,:! '(E,8$D(EK!
:$A$E,'!%(8m((-!PQ2R!,-<!PQ2T!%.8!m(!'(=1'<(<!:E$C08EK!0$C0('!b5!<.'$-C!PQ2I!:;'$-C!
BE11<F!
V5`! B1EE1m(<! <$:=0,'C(! <K-,A$=! m$80! $-='(,:$-C! V5`! D,E.(:! m$80! $-='(,:$-C!
<$:=0,'C(F! 70(! '(E,8$1-:0$;! %(8m((-! V5`! ,-<! <$:=0,'C(! m,:! :8'1-C! B1'! E1m! BE1m! ,-<!
,%:(-8! G3P|! QFQ^H! B1'! 0$C0! BE1m! GE1m! BE1m! '(E,8$1-! V5`|P?2QlIow2FRP*! 3P|QFRR*! CE1%,E!
,D(',C(|TFRQ*!-|22RHGb$C.'(!^FhHF!V5`!m,:!,E:1!0$C0EK!=1''(E,8(<!81!\O/!<K-,A$=!GV5`|!
QFTR\O/w2Fh*! 3P|QFi2*! -|22RHF! _,E.(:! ',-C(<! B'1A!PFP^! 81! 2IFRQ*!m$80! 0$C0(:8! D,E.(:!
1%:('D(<! <.'$-C! :;'$-C! BE11<! ;('$1<! G,D(',C(|iFT*! -|RTH*! E1m(:8! <.'$-C! E1m! BE1m! ,!
G,D(',C(|IFR*!-|RhHGb$C.'(!^FfHF!7'(-<:!,='1::!80(!:,A;E$-C!K(,':!m('(!:$A$E,'F!
b'(:0-(::! $-<(?!D,'$(<!,E1-C!m$80!<$:=0,'C(*! B'(:0-(::! $-<(?!D,E.(:!<(='(,:$-C!
m$80! $-='(,:$-C!<$:=0,'C(F!70(!'(E,8$1-:0$;!m$80!<$:=0,'C(!m,:!:8'1-C!,8! E1m!BE1m!,-<!
m$=X! ,8! 0$C0! <$:=0,'C(! G3P|QFPRHGL1m! BE1m! '(E,8$1-! b'(:0-(::! $-<(?|PFTh^^olQF2T^*!







70'((!!BE.1'(:=(-8! =1A;1-(-8:! m('(! $<(-8$B$(<! %K! 80(! SZ3ZbZ/! A1<(E!!
G=1'=1-<$,|TQFfHF!/1A;1-(-8!2!0,:!,-!(?=$8,8$1-!A,?$A.A!,8!^TQ!-A!,-<!,-!(A$::$1-!
A,?$A.A!,8!IiQF!/1A;1-(-8!P!0,:!,-!(?=$8,8$1-!A,?$A.A!,8!^PQ!-A!,-<!,-!(A$::$1-!
A,?$A.A! ,8! I2R! -AF! /1A;1-(-8! ^! 0,:! ,-! (?=$8,8$1-! A,?$A.A! ,8! PIQ! -A! ,-<! ,-!
(A$::$1-!A,?$A.A!,8!I^Q!-A!Gb$C.'(!^F2QHF!!!
70(! BE.1'(:=(-=(! $-8(-:$8K! 1B! =1A;1-(-8:! 2! ,-<! P! $-='(,:(<! m$80! <$:=0,'C(!






BE1m! =1-<$8$1-:F! ZEE! =1A;1-(-8:! ;(,X(<! G$-=E.<$-C! /;^! %(B1'(! ;E.AA(8$-CH! <.'$-C!
'$:$-C! E$A%F! 3(E,8$D(! =1-8'$%.8$1-! 81! 818,E! BE.1'(:=(-=(! 1B! =1A;1-(-8:! 2! ,-<! P! m,:!
;'(<1A$-,-8(! G/;2/;PH! <.'$-C! :;'$-C! BE11<! ;('$1<:! 1B! 80(! ^! :,A;E$-C! K(,':! ,-<!
=1A;1-(-8! ^! m,:! E,'C(EK! ;'(<1A$-,-8! <.'$-C! m$-8('! %,:(! BE1m! =1-<$8$1-! ,-<! ,E:1!
<.'$-C!;1:8!BE11<!=1-<$8$1-:!G(-<!1B!'(=(::$1-!PQ2RlPQ2TH!Gb$C.'(!^F2PHF!!
/1A;1-(-8! 2! ,-<! P! m('(! :$C-$B$=,-8EK! =1''(E,8(<! 81! <$:=0,'C(! GE1C,'$80A$=!
'(C'(::$1-*!3P|QFi2!,-<!QFf2!'(:;(=8$D(EKH!m0('(,:!/1A;1-(-8!^!:01m(<!-1!'(E,8$1-!81!
<$:=0,'C(! GE$-(,'! '(C'(::$1-*! 3P|QFQQIRHF! /1A;1-(-8! 2! ,-<! P! m('(! :$C-$B$=,-8EK!
=1''(E,8(<! 81! \O/! =1-=(-8',8$1-! GE$-(,'! '(C'(::$1-*! 3P|QFiQ! ,-<! QFfP! '(:;(=8$D(EKH!





#$A$E,'! 81! 1;8$=,E! ;'1;('8$(:! 1B! \O+*! <$::1ED(<! E$C-$-! =1-=(-8',8$1-! G#i*! CqLH!
<$:;E,K(<!E,'C(!D,'$,8$1-:!%(8m((-!%,:(BE1m!,-<!;(,X!BE1m*!',-C$-C!B'1A!2F^i!81!RQTFTi!






/,'%1-! -1'A,E$r(<! E$C-$-! K$(E<:! GLi*! ACq2QQ! AC! O/H! :01m(<! :$A$E,'! 8'(-<! 80,-! #i!
G',-C$-C! B'1A!QFQR! 81!PFTfH*!m$80!A,?$A.A!'(,=0(<!<.'$-C! :;'$-C! BE11<!1B!PFTf*!2FfT*!
PF2i!B1'!PQ2I*!PQ2R!,-<!PQ2T!'(:;(=8$D(EK!GCE1%,E!,D(',C(|!QFiT*!-|2QfH!Gb$C.'(!^F2IHF!
ZD(',C(! 0$C0! BE1m! Li! m,:! 2FPR! G-|RIH! ,-<! ,D(',C(! E1m! BE1m! Li! m,:! QFIT! ! G-|R^HF!




PQ2I*! RIF2! WC! $-! PQ2R! ,-<! ^fFQ! WC! $-! PQ2TF! b'(:0(8! G+,KlU.-(H! BE.?! '(;'(:(-8(<! 1-!
,D(',C(!iRFf{!1B!80(!,--.,E!BE.?!GITF2!WCH!m$80!ihFP{!GTPFI!WCH!$-!PQ2I*!i2Fh{!GIIF^!
WCH!$-!PQ2R!,-<!iRFh{!G^fFi!WCH!$-!PQ2T!G7,%E(!^FPHF!
! 3,8$1:!1B! GZ<qZEHD!(D1ED(<!:$A$E,'EK! 81! E$C-$-!=1-=(-8',8$1-:!G',-C$-C! B'1A!QFTR!!
81!PF2f*!CE1%,E!,D(',C(|!2FPQ*!-|2QfH!,E1-C!80(!0K<'1E1C$=,E!=K=E(:*!!0$C0(:8!D,E.(:!m('(!
'(,=0(<! ! <.'$-C! 0$C0! BE1m! G,D(',C(|2FI2*! -|RI! ;(,X(<! ,8! PF2f*! 2Fhi*! 2FTI! B1'! PQ2I*!
PQ2R!,-<!PQ2T! '(:;(=8$D(EKH*! ,-<!%,:(! BE1m! :01m(<! E1m(:8! D,E.(:! G,D(',C(|!2FQQ*!-|!
R^HF!GZ<qZEH:!B1EE1m(<!GZ<qZEHD!8'(-<!Gb$C.'(!^F2T!,l%!,-<!b$C.'(!^F!PQHF!!
! ;/<qb<! ',8$1! G',-C$-C! B'1A! QF^h! 81! 2FfRH! :0$B8(<! B'1A! E1m(:8! D,E.(:! <.'$-C!
:;'$-C! BE11<! G,D(',C(|QFRf*! -|RIH! 81! 0$C0('! D,E.(:! <.'$-C! %,:(! BE1m! G,D(',C(|QFiT*!
-|R^!H!Gb$C.'(!^F2T!=HF!
/ SO6qS!',8$1:!G',-C$-C!B'1A!QFP!81!QFIH!<(='(,:(<!<.'$-C!:;'$-C!BE11<!G0$C0!BE1m!
,D(',C(|QFPf*! -|RIH! ,-<! ;'1C'(::$D(EK! $-='(,:(<! B'1A! ;1:8! BE11<! =1-<$8$1-:! $-! E,8(!
:.AA('! 81! m$-8('! %,:(! BE1m! ,-<! 80(-! <(='(,:(! ,C,$-! :E1mEK! .-8$E! ;'(lBE11<! ;('$1<!
GZ;'$EH!GE1m!BE1m!,D(',C(|QF^Q*!-|R^HGb$C.'(!^F!2T!<HGCE1%,E!,D(',C(|QFPi*!-l2QfHF!
!SqG_w#H!D,E.(:!G',-C$-C!B'1A!QF2T!81!QFTIH!<'1;(<!B'1A!0$C0!D,E.(:!<.'$-C!E1m!














;E18:! =E1:(! 81! CKA-1:;('A!m11<! (-<lA(A%('!m$80! =E1:('! D,E.(:! <.'$-C! :;'$-C! BE11<!
Gb$C.'(!^F!2iHF!
! Sq_! ',8$1:! G',-C$-C! B'1A! QFP! 81! QFhT*! CE1%,E! ,D(',C(|! QFII*! -|2QfH! <(='(,:(!
:$C-$B$=,-8EK! <.'$-C! :;'$-C! BE11<! ;('$1<! G,D(',C(|QF^2*! -|RIH*! $-='(,:(<! <.'$-C!
'(=(::$1-! 81! '(,=0! 0$C0(:8! E(D(E! <.'$-C! 80(! (,'EK! m$-8('! :(,:1-! ,-<! 80(-! <(='(,:(<!
:E$C08EK!.-8$E!80(!;'(lBE11<!;('$1<!G,D(',C(|!QFRi*!-|R^H!Gb$C.'(!^F!2f!=HF!
^F^F^ 2I/!p\O/!,-<!/q6!
+(,:.'(<!s2I/l\O/!<$:;E,K:! ,! CE1%,E!A1<('-! :$C-,8.'(*! ',-C$-C! B'1A! lIiF^! ! 81!
fhFRxF!\O/!m,:!K1.-C('! GA1<('-H!,'1.-<!;(,X! BE11<!,-<!1E<('! G,'1.-<!^RQ!K'!cSH!
<.'$-C! m$-8('! %,:(! BE1mF! _,E.(:! '(;1'8(<! B1'! E,8(! :.AA('q(,'EK! ,.8.A-! PQ2I! m('(!
$-8('A(<$,8(!Gb$C.'(!^FP2HF!





L1m! BE1m!\O+!1;8$=,E! :$C-,E!m,:! =0,',=8('$r(<! %K! <(,='(,:$-C! #Y_ZPRI! D,E.(:!
Gb$C.'(!^F!2H!$-<$=,8$-C!E(::!,'1A,8$=!=1A;1.-<:!G]($:0,,'!(8!,EF*!PQQ^HF!V$C0('!#GPfRlPhRH!
D,E.(:! Gb$C.'(! ^FIH! :.CC(:8(<! E1m!A1E(=.E,'!m($C08! \O+!;'(<1A$-,-=(F! #GPfRlPhRH! 0,:!
%((-!:01m-!81!%(!$-D(':(EK!=1''(E,8(<!81!,D(',C(!A1E(=.E,'!m($C08!1B!\O+!GV(EA:!(8!,EF*!
PQQiH!m$80! E1m('!D,E.(:! $-<$=,8$D(!1B!0$C0!A1E(=.E,'!m($C08! B',=8$1-!1B! =0'1A1;01'$=!
<$::1ED(<! 1'C,-$=!A,88('! G/\O+H! ,::1=$,8(<!m$80! 8(''(:8'$,E!\O+! :1.'=(:! ,-<! 0$C0('!
D,E.(:! E$-X(<! 81! 80(! ;'(:(-=(! 1B! E1m!A1E(=.E,'! m($C08! /\O+! B',=8$1-:! <('$D(<! B'1A!
A1'(!<(C',<(<!,-<q1'!,.81=081-1.:!:1.'=(:!GV(EA:!(8!,EF*!PQQi!#8(<A1-!(8!,EF*!PQ22!
b$=018!,-<!c(--('*!PQ2PHF! !70(:(!'(:.E8:! =,-!%(!'(E,8(<! 81!<((;('!:1$E!m,8('! BE1m;,80!
! 22T!
,-<! C'1.-<m,8('! :.;;EKF! 70$:! $:! m(EE! :01m-! %K! 80(! :;(=8',E! :E1;(! :$C-,E! m0$=0! $:!
$-8('A(<$,8(!<.'$-C!80(! E,8(!:.AA('!,-<!(,'EK!,.8.A-!m0(-!80(!,=8$D(! E,K('!<(;80! $:!
A,?$A,E! $A;EK$-C! m,8('! ;('=1E,8$1-! ,E1-C! 80(! :1$E! ;'1B$E! ,-<! 80(! 0$C0(:8! D,E.(:! 1B!
:;(=8',E! :E1;(! <.'$-C! E,8(! m$-8('! m0(-! 80(! :.;;EK! 1B! m,8('! $:! A1:8EK! ,::.'(<! %K!
C'1.-<m,8('F! 70(K! ,'(! ,E:1! :.;;1'8(<! %K! 80(! B,=8! 80,8! /'K1:1E! m$80$-! #$%('$,-!
;('A,B'1:8! =1-8,$-! 0$C0('! ;'1;1'8$1-! 1B! BE.D$=! ,=$<:! GE1m!A1E(=.E,'!m($C08H! ,-<! E(::!
,'1A,8$=!=1-8(-8! 80,-!:.'B,=(!1'C,-$=!01'$r1-:! BE.:0(<!<.'$-C! B'(:0(8! Gn$A%E(*!PQQIHF!
4?;1'8! 1B! E1m!A1E(=.E,'!m($C08! ,-<!A1'(!<(C',<(<!O+!<.'$-C!%,:(! BE1m! $:! E$-X(<! 81!
E1-C('!0K<'1E1C$=!'(:$<(-=(!8$A(:!!<.(!81!80(!<((;!:1$E!,-<!C'1.-<m,8('!BE1m;,80!80,8!
,EE1m! B1'! (-0,-=(<! :1';8$1-! ;'1=(::(:! Gn,E%$8r! (8! ,EF*! PQQR!n,m,0$C,:0$! (8! ,EF*! PQQTH!




\((;('! BE1m;,80! ,-<! 0$C0('! <(C',<,8$1-! :8,8(!m('(! ,E:1! =1-B$'A(<! %K! :;(=$B$=!
E$C-$-!;0(-1E:!',8$1:F!^*Rl<$0K<'1?K%(-r1$=!,=$<!81!D,-$EEKE!;0(-1E:!G^*Rc<q_H!',8$1!=,-!
:('D(! ,:! ;'1?K! B1'! <(C',<,8$1-*! ;(<1C(-(:$:! ,-<! =1-8'$%.8$1-! 1B! <((;('! A$-(',E! :1$E!
01'$r1-:!,:!^*Rlc<*!E$X(EK!<('$D$-C!B'1A!8,--$-:!,-<!BE,D1-1$<:!$-!=(EE:!1B!<(C',<(<!;E,-8!
8$::.:*! $:! B1'A(<! <.'$-C! 0.A$B$=,8$1-! $-! :1$E:! GW1'<1-! ,-<! W1$*! PQQ^! V(<C(:! (8! ,EF*!
2hii!V(<C(:!,-<!S',0E*!2hh^!L1.=01.,'-!(8!,EF*!2hhh!7($::('(-=!(8!,EF*!PQ2Q!7(:$!(8!
,EF*!PQ2IHF!!
70.:*!^*Rc<!=1-=(-8',8$1-!:01.E<! $-='(,:(! B'1A!B'(:0!1'C,-$=!01'$r1-:! 81!A1'(!
<(C',<(<!O+!B'1A!<((;('!A$-(',E!01'$r1-:!Gm0('(!^*Rc<!8(-<:!81!,==.A.E,8(!,:! $8! $:!
0$C0EK! '(:$:8,-8! 81! <(C',<,8$1-H! m0('(,:! _,-$EEKE! ;0(-1E:! ,'(! A1'(! :.:=(;8$%E(! 81!
<(C',<,8$1-! G\$=X(-:! (8! ,EF*! PQQfHF! 70('(B1'(*! 0$C0('! ^*Rc<q_! D,E.(:! $-<$=,8(! A1'(!
<(C',<(<! 8(''$C(-1.:! 1'C,-$=! A,88('F! 70$:! <(C',<,8$1-! ;'1?K! 0,:! %((-! :.CC(:8(<! ,:!
A1'(! '(E$,%E(! 80,-!Z<qZE! ',8$1:! ,:! $8! $:! -18! ,BB(=8(<!%K! E(,=0$-Cq,%:1';8$1-!;'1=(::(:!
%(8m((-!=,'%1-!;11E:!G#,ED,<¢!(8!,EF*!PQ2THF!](!'(=1'<(<!80(!0$C0(:8!^*Rc<q_!Gb$C.'(!^F!
2T!BH!!<.'$-C!80(!E,8(!:.AA('q(,'EK!,.8.A-!;('$1<!m0(-!<$:=0,'C(!'(l$-='(,:(<!:E$C08EK!








PQQ2HF! 70.:! ',8$1! $-='(,:(:! m$80! 0$C0('! :8,8(! 1B! <(C',<,8$1-F! V$C0('! SqG_w#H! ',8$1:!
Gb$C.'(!^F!2T!(H!'(;1'8(<!<.'$-C!E1m!BE1m!;('$1<!,E:1!$-<$=,8(!A1'(!<(C',<(!\O+!(?;1'8!
G=1-B$'A$-C! ^*Rc<q_! $-8(';'(8,8$1-HF! ](! '(=1'<(<! :E$C08EK! E1m('! D,E.(:! <.'$-C! 80(!
:(=1-<! ;,'8! 1B! E1m! BE1m! ;('$1<! GU,-.,'KlZ;'$EH! m0(-! :1$E:! ,'(! 818,EEK! '(lB'((r(<*!
=1A;,'(<!81!(,'E$('!$-!80(!:(,:1-!GZ.C.:8l\(=(A%('HF!
Z=$<!81!ZE<(0K<(!',8$1!1B!D,-$EEKE!,-<!:K'$-CKE!;0(-1E:!GGZ<qZEHD!,-<!GZ<qZEH:H!!
,'(! 1B8(-! ;'(:(-8(<! ,:! $-<$=,81':! 1B! '(E,8$D(! <(C',<,8$1-! 1B! ;E,-8! <('$D(<! \O+! ,:!
,E<(0K<(:! <(C',<(! B,:8('! 80,-! =1''(:;1-<$-C! ;0(-1E! C'1.;! ,=$<:*! 80.:*! 0$C0! ',8$1!
$-<$=,8(:!A1'(! <(C',<(<!A,8('$,E! GW1$! ,-<! V(<C(:*! 2hhP! V(<C(:! ,-<! S',0E*! 2hh^HF!
V1m(D('*! 80$:! $-<$=,81'!A.:8! %(! 8,X(-!m$80! =,.8$1-! ,:! :1';8$1-! ;'1=(::(:! 0,D(! %((-!
:01m-!81! $-<.=(! E1m('!',8$1:*!,:! E$C-$-l<('$D(<!,=$<$=!;0(-1E:!,;;(,'!81!%(!:(E(=8$D(EK!
:1'%(<! $-! A$-(',E! :1$E:! Gn,$:('! (8! ,EF*! PQQI! V('-(:! (8! ,EF*! PQQfHF! 70.:! ,! :$C-,E! 1B!







3,8$1! 1B! ;l=1.A,'$=! 81! B('.E$=! ,=$<:! G;/<qb<H! =,-! ;'1D$<(! $-B1'A,8$1-! 1-!
<$,C(-(8$=! :8,8(! G;'(B('(-8$,E! <(C',<,8$1-! 1B! B('.E$=! ,=$<H*! E(,=0$-C! ,-<!
:1';8$1-q<(:1';8$1-!;'1=(::(:!G#,-C('!(8!,EF*!2hhf!V1.(E!(8!,EF*!PQQTHF!4E(D,8(<!;/<qb<!
',8$1:!0,D(!,E:1!%((-!1%:('D(<! $-! E(,D(:*!-((<E(:*! :;0,C-.A!A1::(:!,-<!m(8E,-<!,-<!
8.-<',!:1$E:!GYC1E$-$!(8!,EF*!2hi2!]$EE$,A:!(8!,EF*!2hhiH*! $-<$=,8$-C!80,8!:;(=$B$=!:1.'=(:!
A,K!,E:1!$-BE.(-=(!1%:('D(<!<K-,A$=!1B!;/<qb<!',8$1:F!V('(*!;/<qb<!:((A:!81!=1-B$'A!
80(! A1'(! <(C',<(<! :8,8(! 1B! \O+! <.'$-C! m$-8('8$A(! m$80! 0$C0('! D,E.(:! 1B! 80(! ',8$1!
<.'$-C!E1m!BE1m!Gb$C.'(!^F!2T!=HF!V1m(D('*! ! $-!1.'!=,:(!80$:!$-<$=,81'!:01.E<!%(!0,-<E(!










$-! '$D(':! GV(<C(:! ,-<!+,--*! 2hfh! ZA1-! (8! ,EF*! PQ2P!+,--! (8! ,EF*! PQ2THF! #K'$-CKE! 81!
_,-$EEKE! G#q_H! ',8$1! $-<$=,8(! D(C(8,8$1-! =1-8'$%.8$1-! m$80! E1m! ',8$1! $-<$=,8$-C!
CKA-1:;('A! $-;.8:! ,-<! 0$C0! ',8$1! ,-C$1:;('A! $-;.8:! m0('(,:! /$--,AKE! 81! _,-$EEKE!
G/q_H!',8$1!,EE1m!81!<$:8$-C.$:0!%(8m((-!m11<K!E$C-$-!,-<!180('!E$C-$-!:1.'=(:!:.=0!,:!
0('%,=(1.:!;E,-8:*!E(,D(:!1'!-((<E(:!,:!-1-lm11<K!8$::.:!;'1<.=(!A.=0!A1'(!=$--,AKE!




,:! N(-$:($! :1$E! :8.<$(:! 0,D(! :01m-! ,-! $-='(,:(! 1B! #q_! ,-<! /q_! ',8$1:! $-! \O+! B'1A!
:.%:.'B,=(!:1$E:!GZA1-!(8!,EF*!PQ2P!,-<!'(B('(-=(:!80('($-HF!!
Z:!ZA1-!(8!,EF!GPQ2PH!m(!A(,:.'(<!CE1%,EEK!(E(D,8(<!Sq_!GQFP!81!QFhTH!Gb$C.'(!^F!







bE.1'(:=(-=(! $-<$=,81':! ,E:1! '(BE(=8! E1m('! 8(''(:8'$,E! $-;.8:! <.'$-C! E1m! BE1m!
;('$1<F!bE.1'(:=(-=(!$-<(?!,EE1m!81!<(=$;0('!%(8m((-!C(-(',E!\O+!:1.'=(:*!$F(F!($80('j!
A$='1%$,Eq,.81=081-1.:! G0$C0! b5! *2Fi*! <('$D(<! B'1A! (?8',=(EE.E,'! '(E(,:(! ,-<! E(,=0,8(!
B'1A!%,=8('$,!,-<!,EC,(H!1'! 8(''(:8'$,EEK!<('$D(<! GE1m!b5! *2FP*! 8(''(:8'$,E!;E,-8!,-<!:1$E!
1'C,-$=! A,88('H! Gb(EEA,-! (8! ,EF*! PQ2QHF! 70('(B1'(*! 0$C0('! b5! '(=1'<(<! <.'$-C! m$-8('!





Z==1'<$-C! 81! :;(=8',E! =0,',=8('$:8$=:*! =1''(E,8$1-! m$80! D,'$,%E(:! E$-X(<! m$80!
8(''(:8'$,E! ;'1=(::(:! ! ,-<! 8$A$-C! 1B! =1-=(-8',8$1-:! ;(,X:! G8,%E(! ^F2! ,-<! b$C.'(:! ^F22*!
^F2PH*! m(! ,::1=$,8(<! 80(! SZ3ZbZ/! =1A;1-(-8! 2! G/;2!j! (?! ^TQq(A! IiQH! ,-<! P! G/;P!j!
(?^PQq(AI2RH! Gb$C.'(! ^F! 2QH! 81! 0$C0EK! ,'1A,8$=! =1A;1.-<:*! Y_/! 0.A$=lE$X(!
=1A;1.-<:!<('$D(<! B'1A! B'(:0!;E,-8! :1.'=(! G8(''(:8'$,E! :1.'=(:! $-! ;,'8$=.E,'! B1'(:8(<!
(-D$'1-A(-8H!,-<!0$C0!A1E(=.E,'!m($C08!=1A;1.-<:F!70(:(!=1A;1-(-8:!m('(!:$A$E,'!
81! 80(! S(,X! /! $<(-8$B$(<! %K! ! /1%E(! (8! ,EF*! G2hhQ*! 2hhiH*! 80(! =1A;1-(-8! z! $<(-8$B$(<! %K!
S,'E,-8$!(8!,EF*!GPQQQH!,-<!80(!/1A;1-(-8!2!1B!/1'K!,-<!+=n-$C08*!GPQQRH!F!/;2!,-<!/;P!
BE.1'(:=(-=(! $-8(-:$8$(:! m('(! $-! ;,'8$=.E,'! =1''(E,8(<! m$80! <$:=0,'C(! ,-<! \O/!
=1-=(-8',8$1-! G8,%E(! ^F2H! :.CC(:8$-C! ,EE1=081-1.:! :1.'=(:*! :.=0! ,:! $-;.8:! B'1A! .;;('!
1'C,-$=! 01'$r1-:! ,-<! E$88('! E,K('*! ,::1=$,8(<!m$80! :.'B,=(! '.-! 1BB! ;'1=(::(:F! c,:(<! 1-!
:;(=8',E! =0,',=8('$:8$=:*! m(! '(E,8(<! 80(! SZ3ZbZ/! =1A;1-(-8! ^! G/;^!j! (?PIQq(AI^QH!
Gb$C.'(! ^F! 2QH! 81! E1m! A1E(=.E,'! m($C08*! BE.D$=lE$X(*! Y_Z! 0.A$=lE$X(! =1A;1.-<:! ,-<!
=E,::$=,E!S(,X!Z!G(?PTQq(AIPTH!Gn1',X!(8!,EF*!PQ2IHF!70$:!=1A;1-(-8!m,:!:$A$E,'!81!80(!
/^!1%:('D(<!%K!#8(<A1-!,-<!+,'X,C('*!GPQQRH*!80(!!c43/2!$<(-8$B$(<!%K!],EX('!(8!,EF*!
GPQQhH*! ! 80(! ! /2! =1A;1-(-8! 1B! +,--! (8! ,EF*! GPQ2PH! ,-<! 180('! SZ3ZbZ/! =1A;1-(-8:!
'(;1'8(<! $-! 80(! E$8(',8.'(! G/1%E(*! 2hhT! S,'E,-8$! (8! ,EF*! PQQQHF! 70(! E$-X! m$80! E1m!
A1E(=.E,'! m($C08! m,:! =1-B$'A(<! %K! :$C-$B$=,-8! '(E,8$1-:0$;! %(8m((-! /1A;1-(-8! ^!
'(E,8$D(! =1-8'$%.8$1-! 81! BE.1'(:=(-=(! ,-<! #PfRlPhR*! :01m$-C! E1m! A1E(=.E,'! \O+! GV$C0!
D,E.(:! 1B! #PfRlPhRHH! B1'! 0$C0! ;'1;1'8$1-! 1B! /1A;1-(-8! ^F!+1'(1D('*! 80(! 1D(',EE! E,=X! 1B!
'(E,8$1-:0$;!%(8m((-!80$:!=1A;1-(-8!,-<!\O/!=1-=(-8',8$1-*!<$:=0,'C(!,-<!8(''(:8'$,E!
%$1A,'X(':! GE$C-$-! ;0(-1E:! ',8$1:H! G8,%E(! ^F2H*! :.CC(:8! 80,8! $8! $:! ,! ;18(-8$,E! ;'1?K! B1'!
;'1=(::(:! :.=0! ,:! \O+! A$='1%$,E! <(C',<,8$1-! 1'! ,.81=081-1.:! \O+! ;'1<.=8$1-!
G;'1%,%EK!,EC(,l<('$D(<H*!m0$=0!,'(!-18!<$'(=8EK!E$-X(<!81!8(''(:8'$,E!;'1=(::(:!G],EX('!
(8! ,EF*! PQ2^HF! Z==1'<$-C! 81! ;'(D$1.:! SZ3ZbZ/! :8.<$(:! ,-<! 1.'! '(:.E8:*! SZ3ZbZ/!
=1A;1-(-8:! ,'(! -18! :;(=$B$=! 1B! ,! :$-CE(! 8(''(:8'$,E! \O+! :1.'=(*! %.8! ',80('*! D,'$1.:!
:1.'=(:!A,K!=1-8'$%.8(!81!(,=0!=1A;1-(-8!$-!D,'K$-C!;'1;1'8$1-:!G],EX('!(8!,EF*!PQ2^HF!
](! '(=1'<(<! ,-! $-='(,:(! $-! $-8(-:$8K! ,-<! '(E,8$D(! =1-8'$%.8$1-! 1B! 80(! SZ3ZbZ/!
=1A;1-(-8! ^! G,::1=$,8(<! 81! E1m! A1E(=.E,'! m($C08! =1A;1.-<:*! A$='1%$,E! ,-<!
,.81=081-1.:! \O+! ;'1<.=8$1-H! <.'$-C! E1m! BE1m! ;('$1<! Gb$C.'(! ^F22*! ^F2PHF! 58! m,:!
;,'8$=.E,'EK! ;'(<1A$-,-8! <.'$-C! 80(! .-<('l$=(! :,A;E(:! 1B! 80(! ;'(lBE11<! ;('$1<! ,-<!
! 2PQ!
;(,X(<!<.'$-C! 80(! E,.-=0!1B! 80(! '$:$-C! E$A%*!;'$1'! 81! $=(l%'(,XF!#.=0!;0(-1A(-1-!0,:!
%((-! 1%:('D(<! $-! 80(! n1EKA,! m0('(! 0$C0! ;'18($-lE$X(! BE.1'(:=(-=(! $-8(-:$8K! ,-<!
A$='1%$,E! B$-C(';'$-8*! E1m! ,'1A,8$=! ,-<! E1m!A1E(=.E,'! m($C08! \O+! =1A;1.-<:! 0,D(!
%((-!:01m-!81!=0,',=8('$r(!%,:(!BE1m!1B!E,8(!m$-8('!;('$1<*!;'$1'!81!$=(!%'(,X!,-<!:;'$-C!
BE11<! G+,--! (8! ,EF*! PQ2PHF! S'18($-! E$X(! BE.1'(:=(-=(! ;'(<1A$-,-=(! 0,:! %((-! E$-X(<! 81!
$-='(,:(<!:.;;EK!1B!\O+!B'1A!$=(!A(E8!<.'$-C!80$:!;('$1<!GL,B'(-$9'(!,-<!#0,';*!PQQI!
V11<!(8! ,EF*! PQQh! b(EEA,-!(8! ,EF*! PQ2Q%HF!70(!SZ3ZbZ/! =1A;1-(-8!^!<1A$-,-=(& ,E:1!
$-='(,:(<!:8(,<$EK!<.'$-C!:.AA('*!;18(-8$,EEK! $-<$=,8$-C!'$:$-C!1B!'(E,8$D(!=1-8'$%.8$1-!
1B! ,.81=081-1.:! \O+! m0$E(! m,8('! 8(A;(',8.'(! $-='(,:(<! G#8(<A1-! (8! ,EF*! PQQ^!
#8(<A1-!,-<!+,'X,C('*!PQQRHF!!
/q6! ',8$1:!A,K! ,EE1m! 81! <$:8$-C.$:0! :;(=$B$=! \O+! :1.'=(:*! ! ,EC(,l<('$D(<!\O+!
m$80!/q6!,'1.-<!2I!GZA1-!,-<!+(1-*!PQQIH*!:1$El<('$D(<!\O+!m$80!/q6!%(8m((-!2Il
PR! Gn,$:('! (8! ,EF*! PQQI%! n,m,0$C,:0$! (8! ,EF*! PQQTH*! D,:=.E,'! ;E,-8! :1.'=(:! m$80! /q6!
,%1.8! RI! GZA1-! ,-<!+(1-*! PQQIHF! \.'$-C! E1m! BE1m! ;('$1<! /q6! ',8$1:! 8(-<! 81! E1m(:8!
D,E.(:!G;'$1'!81!80(!E,.-=0!1B!80(!'$:$-C!E$A%!1B!80(!:;'$-C!BE11<*!,'1.-<!2QH*!$-<$=,8$-C!!




$-! 80(! n1EKA,! '$D('! $-! (,:8('-! #$%('$,! G6(BB! (8! ,EF*! PQQTH*! 1.'! 2I/l\O/!A(,:.'(A(-8:!
:.CC(:8! 1E<('!\O+! $-;.8:! <.'$-C! E1m! BE1m!;('$1<! Gb$C.'(!^F! P2H! $EE.:8',8$-C! ,! :0$B8! 81!
<((;('!:1$E!BE1m;,80!,E1-C!m$80!,=8$D(!E,K('!<((;(-$-C!<.'$-C!:.AA('F!!
\.'$-C!E1m!BE1m!=1-<$8$1-:*!m,8('!;('=1E,8(:!80'1.C0!<((;('!:1$E!01'$r1-:!,:!80(!
,=8$D(! E,K('! 80,m! .-8$E! '(B'((r$-C! <.'$-C! m$-8('8$A(! m0(-! 80(! A,$-! m,8('! :.;;EK! $:!
;'1D$<(<! %K! C'1.-<m,8('F! 70$:! 0,:! %((-! E$-X(<! 81! 80(! $-8'1<.=8$1-! 1B! 1E<('! \O+*!
=1-8,$-$-C! E(::! ,'1A,8$=! ,-<! E$C-$-! ;0(-1E! =1A;1.-<:*! E1m('! /q6! ',8$1:! ,-<! 0$C0('!
;'1;1'8$1-!1B!0K<'1;0$E$=!,=$<:!'(E,8$D(!81!0K<'1;01%$=!,=$<:!G6(BB!(8!,EF*!PQQT!#;(-=('!




\.'$-C! 80(!:-1mA(E8!<'$D(-!:;'$-C! BE11<*! E,'C(!,'(,!1B! 80(!:1$E:!,'(!:8$EE! B'1r(-*!
E$A$8$-C! =1--(=8$1-! m$80! <((;! A$-(',E! :1$E! 01'$r1-! ,-<! $-<.=$-C! BE.:0$-C! (BB(=8! 1B!
! 2P2!






=1-8(-8! GV11<! (8! ,EF*! PQQT! _$<1-! (8! ,EF*! PQQi! b(EEA,-! (8! ,EF*! PQQhHF! 70(! :;'$-C! BE11<!
;('$1<! $-! ,'=8$=! '$D(':! 0,:! %((-! =0,',=8('$r(<! %K! 0$C0! 8(''(:8'$,E! $-;.8:! 1B! \O+*!
$EE.:8',8(<!%K!0$C0!E$C-$-!K$(E<:*!,-<!;'(<1A$-,-=(!1B!K1.-C*!%1'(,ElD(C(8,8$1-l!<('$D(<!
E(,=0,8(:!GZA1-!(8!,EF*!PQ2PHF!
V$C0! #Y_Z! D,E.(:! Gb$C.'(! ^F2H!A(,:.'(<! <.'$-C! 80(! :;'$-C! BE11<! (D(-8:! 1B! 80(!
N(-$:($! '$D('*! $-<$=,8(! (?;1'8! 1B! \O+! m$80! 0$C0! ,'1A,8$=! =1-8(-8! G]($:0,,'! (8! ,EF*!
PQQ^HF*! E1m!b5! $A;E$(:!Gb$C.'(!^FTH!0$C0('! 8(''(:8'$,E!=1-8'$%.8$1-!G/1'K!,-<!+=n-$C08*!




(?;1'8(<! =1A;'$:(! 0$C0!A1E(=.E,'! m($C08! =1A;1.-<:! E$X(EK! 1'$C$-,8$-C! B'1A! 1'C,-$=!
'$=0! :.'B,=(! 01'$r1-:F! #0$B8! 81m,'<! 0.A$=lE$X(! (-'$=0(<! \O+! <.'$-C! :81'A! (D(-8:!
,::1=$,8(<!m$80!0$C0!:.'B,=(!m,8('!'.-1BB!0,D(!%((-!;'(D$1.:EK!'(;1'8(<!G5-,A<,'!(8!,EF*!
PQ22!U,BB&!(8!,EF*!PQ2P!#$-C0!(8!,EF*!PQ2^!U,BB&!(8!,EF*!PQ2IHF!
L1m!SqG_w#H! ,-<!^*Rc<q_!<.'$-C!;(,X! BE1m! Gb$C.'(:!^F2T! (H! BH! *! ^F! 2hH! :.CC(:8!
B'(:0EK! E(,=0(<! \O+! B'1A! .;;('! 1'C,-$=! :1$E! 01'$r1-:F! ZA1-! (8! ,EF! GPQ2PH! '(A,'X(<!
80,8! E1m!D,E.(:!B1'!80$:!',8$1:!m('(!1%:('D(<!$-!;,'8$=.E,'!B1'!80(!m,8(':0(<:!m$80!80(!
A1:8!;('A,B'1:8!GN(-$:($*!L(-,!,-<!n1EKA,HF!







B,=8! 80,8! $-! E,-<:=,;(:! 0,D$-C! A$?(<! D(C(8,8$1-! =1D('*! ,! 0$C0! =1-8'$%.8$1-! 1B! m11<K!
! 2PP!
CKA-1:;('A! 81! 80(! E$C-$-! ;11E! Gm0$=0! $:! E$X(EK! 80(! =,:(! B1'! :$C-$B$=,-8! ,'(,:! 1B! 80(!
N(-$:($!m,8(':0(<H! =1.E<! $-<.=(! 0$C0('! GZ<qZEHD! ',8$1:!m$801.8! ,=8.,E! 0$C0('! :8,8(! 1B!









O.'! (:8$A,8(! 1B! ,--.,E! (?;1'8!m,:! :$A$E,'! 81! 80(! 1-(! 1B! ZA1-! (8! ,EF! GPQ2PH!m0$=0! $:!
A.=0! 0$C0('! 80,-! 80(! 1-(! <('$D(<! B'1A! /\O+! GL$C-$-^RQH!<(D(E1;;(<! %K!+,--! (8! ,EF!
GPQ2TH! G7,%E(! ^FPHF! ](! 1%:('D(<! ,! :8'1-C! $-8(',--.,E! D,'$,8$1-! m$80! ,! <$BB('(-=(! 1B!
,EA:18!^^!WC!%(8m((-!PQ2I!,-<!PQ2T!,--.,E! BE.?(:! GE$X(EK!<.(! 81! E1m('!<$:=0,'C(! $-!
PQ2TH!,-<!80(!;'(<1A$-,-=(!1B!80(!:;'$-C!B'(:0(8!$-!<$::1ED(<!E$C-$-!(?;1'8!,==1.-8$-C!
B1'!,-!,D(',C(!1B!iRFf{!1B!80(!818,E!E$C-$-!BE.?!G7,%E(!^FPHF!Z8!80(!Z'=8$=!:=,E(!80(!N(-$:($!
$:! 1-(! 1B! 80(! A1:8! $A;1'8,-8! <$::1ED(<! E$C-$-! =,''$('*! ,==1.-8$-C! B1'! Pi{! 1B! 80(!
<$::1ED(<! E$C-$-! BE.?! <(E$D('(<! %K! 80(! :$?! E,'C(:8! ,'=8$=! '$D(':! G%,:(<! 1-! ZA1-! (8! ,EF!
GPQ2PH!(:8$A,8(!G2hP!WCqK'H!1B!<$::1ED(<!E$C-$-!BE.?!B1'!80(!Z'=8$=!W3O*!:((!7,%E(!^FPHF!





:.CC(:8$-C! 80(! $-8(';E,K! 1B! ,<<$8$1-,E! 8(''(:8'$,E! ;E,-8! :1.'=(:F! b$(E<! :.'D(K:! $-<$=,8(!
80,8!A1::!%$1A,::!A,K!'(;'(:(-8!,!:$C-$B$=,-8!,<<$8$1-,E!:1.'=(!Gm$80!0$C0('!#q_!D,E.(:!
<.(! 81! E1m!_!K$(E<:! $-!A1::*! GZA1-!(8!,EF!PQ2PHH*! $8!A,K!(D(-! E,'C(EK!1D('=1A(!:0'.%!
%$1A,::! $-! -1'80('-! 8,$C,! ,-<! E,'=0! <1A$-,8(<!m11<E,-<:! GS'1X.:0X$-! (8! ,EF*! PQQTHF!
V1m(D('*!,-C$1:;('A!,'(!,%.-<,-8!$-!8.-<',!'(C$1-:!,:!m(EE!,:!$-!,E;$-(!'(C$1-:!1B!80(!
:1.80('-!A1.-8,$-1.:! ;,'8! 1B! 80(!m,8(':0(<! ,-<! E$X(EK! =1-8'$%.8(! $-! :1A(! (?8(-8! 81!
'$D('$-(! \O+F! +1::! =1-8'$%.8$1-! $:! ,E:1! =1-:$:8(-8! m$80! S-lK$(E<:! <.'$-C! 0$C0! BE1m!
=1-<$8$1-:! ,:!A1::! ;'1<.=(! 0$C0! ;'1;1'8$1-! 1B! S-! ;0(-1E:! G]$EE$,A:! (8! ,EF*! 2hhiHF! Z!
! 2P^!
A$?8.'(! 1B! 1-EK! CKA-1:;('A! ,-<! ,-C$1:;('A!m11<! ,-<! E(,D(:!m1.E<! -18! %(! ,%E(! 81!
(?;E,$-! 1%:('D(<! Sq_! Gb$C.'(! ^F! 2f! =H! ,-<! S-qS! Gb$C.'(! ^F! 2T! <H! D,E.(:! GZA1-! (8! ,EF*!
PQ2PHF!!
V$C0! /q6! ',8$1:! '(=1'<(<! <.'$-C! ;(,X! BE1m! =1-B$'A(! 80(! ;'(<1A$-,-=(! 1B!




1-!/q6HF!V1m(D('!;'D$1.:! :8.<$(:! 1-! (E(A(-8,E! ,-<! $:181;$=!\O+!=1A;1:$8$1-! $-! 80(!





PQQh! 3,KA1-<! (8! ,EF*! PQ2T! b(-C! (8! ,EF*! PQ2fHF! 70$:! :;(=$B$=! $-B1'A,8$1-! ;'1D$<(<! %K!
',<$1=,'%1-! <,8,8$1-! C$D(:! $-:$C08! $-81!\O+! :1.'=(! ,-<! =,-! 0(E;! 81! 8',=(! ;('A,B'1:8!
$-;.8:!(D1E.8$1-F!V1m(D('*!m0(-!:,A;E$-C!=E1:(!81!'$D('!A1.80*!'(=1'<$-C!,-!$-8(C',8(<!


















GbE.1'(:=(-=(! ,-<! Z%:1'%,-=(H! ,-<! \O/! ',<$1=,'%1-! <,8$-C! m('(! :.==(::B.EEK!
(A;E1K(<! 81!<$:='$%(!\O+!<K-,A$=*! =1A;1:$8$1-*! :1.'=(:!,-<!<(C',<,8$1-! :8,8(!,8! ,-!
.-;'(=(<(-8(<! 8(A;1',E! '(:1E.8$1-! =,;8.'$-C! ,! W'(,8!Z'=8$=! '$D('! #;'$-C! BE11<! ;('$1<!
,-<!$8:!m01E(!0K<'1E1C$=,E!=K=E(F!!
W(-(',E!8'(-<:*!%(8m((-!;(,X!BE11<!,-<!E1m!BE1m*!!m$80!=1-8',:8$-C!E$C-$-!K$(E<:*!
D(C(8,8$1-! %$1A,'X(':! ,-<! <(C',<,8$1-! $-<$=,81':! $-! =1A%$-,8$1-!m$80! \O+! ,C(! ,-<!
1;8$=,E! ;'1;('8$(:! :.CC(:8! :$C-$B$=,-8! =0,-C(:! $-! 80(! '(E,8$D(! =1-8'$%.8$1-! 1B! <$BB('(-8!
\O+! :1.'=(:! ,-<! :8'1-C! D,'$,8$1-:! $-! 80(! <(C'((:! 1B! \O+! ;'1=(::$-C! GS0181q%$1l
<(C',<,8$1-! ($80('! $-! 8(''(:8'$,E! (-D$'1-A(-8! 1'! <.'$-C! 8',-:;1'8HF! +1:8! 1B! 80(!
$-<$=,81':! =1-B$'A(<! (?;(=8(<! 0$C0! 8(A;1',E! D,'$,%$E$8K! 1B! \O+! :$C-,E! <'$D(-! %K!
0K<'1E1C$=,E!=0,-C(:*!m$80!A1:8!1B!80(!(?;1'8:!1==.''$-C!<.'$-C!:;'$-C!BE11<!GiQ{!1B!
E$C-$-!BE.?!$-!+,KlU.-(HF!70$:!:;(=$B$=!;('$1<!$:!1-(!1B!80(!A1:8!$A;1'8,-8!=1A;1-(-8:!1B!
O/! BE.?(:! $-! Z'=8$=! '$D(':! %.8! ,E:1! E$X(EK! ,! =E$A,8(l:(-:$8$D(! (E(A(-8F! +,$-! 8'(-<:!
=1A;'$:(! (?;1'8! 1B! K1.-C*! B'(:0EK! E(,=0(<! \O+! B'1A! 8(''(:8'$,E! D(C(8,8$1-! ,-<! E$88('!
<.'$-C!B'(:0(8!,-<!:0$B8!81!1E<('!A1'(!<(C',<(<!,-<!A$='1%$,EEK!;'1=(::(<!\O+!<.'$-C!
%,:(BE1mF! Z==1'<$-C! 81! D(C(8,8$1-! E$C-$-! %$1A,'X(':! G#q_! ,-<! /q_! ',8$1:H*! A,$-!
D(C(8,8$1-!:1.'=(!<.'$-C!B'(:0(8!m,:!CKA-1:;('A!m11<*!$A;EK$-C!80,8!80(!%1'(,E!B1'(:8!
$:! 80(! A,$-! =1-8'$%.81'! 81! '$D('$-(! \O+F! S! ;0(-1E:! K$(E<:! ,E:1! :.CC(:8! A1::!
.-<(':81'$(:!,:!80(!A1:8! E$X(EK!=1A;E(A(-8,'K!\O+!:1.'=(!<.'$-C!B'(:0(8!;('$1<!80,8!
=1.E<!(?;E,$-!80(!<$:='(;,-=K!B'1A!;.'(!CKA-1:;('A!:1.'=(!:$C-,E!m$80!80(!;'1%,%E(!
=1-8'$%.8$1-! 1B! :1.80('-! ;,'8! 1B! 80(! %,:$-! 80,8! 0,D(! ,-C$1:;('A! E,-<! =1D('! G%.8! =,-!
(?;E,$-! ,E1-(! 80(! S! K$(E<:HF! 70(! B(m!<,8,! ;1$-8! '(;1'8(<! B1'! %,:(! BE1m!;('$1<! :.CC(:8!
A1'(! D,'$,%E(! :$C-,E! 80,-! (?;(=8(<! m$80! :$C-$B$=,-8! <$BB('(-=(:! %(8m((-! (,'EK! =1E<!
:(,:1-!G#(;8(A%('l\(=(A%('H!,-<!E,8(!m$-8('!:(,:1-q;'(lBE11<!;('$1<!GU,-.,'KlZ;'$EH!




=E$A,8(!=0,-C(!;('8.'%,8$1-:F!b.8.'(!:8.<$(:!m$EE!-((<! 81! $-D(:8$C,8(! 80(!:(-:$8$D$8K!1B!
;,'8$=.E,'! Z'=8$=! \O+! ;11E:! G$-! ;,'8$=.E,'! ;('A,B'1:8l<('$D(<H! 80.:! 80(! .:(! 1B!
=1A;1.-<l:;(=$B$=!,-,EK:$:!GB1'!$-:8,-=(!',<$1=,'%1-!,-,EK:$:H!m$EE!%(!,!D,E.,%E(!811E!!81!
! 2PR!
1D('=1A(! 80(! $-BE.(-=(! 1B! A$?(<! O/! :1.'=(:! B1'! :8.<$(:! $-D(:8$C,8$-C! m,8(':0(<!
$-8(C',8$-C!\O+!:$C-,E:F!
5-8('(:8$-C! :.;;E(A(-8,'K! :8.<K! m1.E<! %(! 81! ;.8! $-! '(E,8$1-! \O/! ,-<! SO/!
@.,E$8KF! b.'80('! $-D(:8$C,8$1-! 1B! 80$:! :;(=$B$=! ;0,:(! =1.E<! C$D(! $-:$C08! $-!
(?;1'8,8$1-qA1%$E$r,8$1-!A(=0,-$:A:!G,'(!80(K!:$A$E,'!%(8m((-!;0,:(:H!,-<!;'1D$<(!





,8! 80(! E1=,E! :=,E(!0,D(!;'1D(-! 81!%(! =,;,%E(! 81!<(8(=8! =0,-C(:! 80,8!;1-=8.,E! :,A;E$-C!
A$::(<F!5-!80$:!;('=;(=8$D(:*!80(!.:(!1B!A1-$81'$-C!;'1?$(:!m$EE!%(!-(=(::,'KF!+1:8!1B!80(!
=.''(-8! 1-(! ,'(! %,:(<! 1-! 1;8$=,E! 8(=0-$@.(:! 80,8! ,'(! '(E$,%E(*! .-,%E(! B1'! ,EA1:8!
=1-8$-.1.:!A(,:.'(A(-8:*! '(E,8$D(EK!.-(?;(-:$D(!,-<!(,:K! 81! :(8!.;F!70(!;18(-8$,E! 81!
$-='(,:(! 8(A;1',E! ,-<! :;,8$,E! =1D(',C(! 1B! \O+! A(,:.'(A(-8:! ,='1::! Z'=8$=! '$D('!
:K:8(A:!m1.E<!%(!;,'8$=.E,'EK!D,E.,%E(! B1'! 80(!(D,E.,8$1-!1B! =E$A,8(! =0,-C(! $A;,=8! $-!
80(:(! :(-:$8$D(! '(C$1-:! ,EE1m$-C! B1'! A1'(! ,==.',8(! (:8$A,8(! 1B! ,A1.-8*! @.,E$8K! ,-<!
8$A$-C!1B!8(''$C(-1.:!\O/!(?;1'8:F!
! /1A;E(A(-8,'K! <(D(E1;A(-8:! m1.E<! =1-:$:8! $-! <',m$-C! E$-X:! %(8m((-! \O+!
@.,E$8K! :$C-,E! '(=1'<(<! ,8! 80(! m,8(':0(<! 1.8E(8! ,-<! m,8(':0(<! =0,'=8('$:8$=:! ,-<!
;'1=(::(:! 1==.''$-C! $-! :;(=$B$=! '(C$1-:! :.=0! ,:! :-1mA(E8! ,-<! D(C(8,8$1-! C'1m80!
<K-,A$=F! 70$:! $-D(:8$C,8$1-:! m1.E<! A1%$E$r(! '(A18(! :(-:$-C! <,8,! ,-<! C(1C',;0$=,E!
$-B1'A,8$1-! 811E:! 81! A1-$81'! (=1E1C$=,E! ;'1=(::(:! ! ,-<! A,;! D,'$,%E(:! $-BE.(-=$-C!
1'C,-$=!A,88('!=K=E$-C!G:-1m=1D('*!;'(=$;$8,8$1-*!:1$E!=,'%1-!=1-8(-8*!;('A,B'1:8!(?8(-8*!
%$1A,::*! E,-<! =1D('*! B$'(! 0$:81'K*! :1$E! 8(A;(',8.'(*! 81;1C',;0K! (8=FH! ,8! 80(! :=,E(! 1B! ,!
C'(,8!Z'=8$=!'$D('!m,8(':0(<F!
Zn6O]L4\W4+467#!
#,A;E(:! 0,D(! %((-! =1EE(=8(<! ,:! ;,'8! 1B! 80(! 7(''(:8'$,E! O'C,-$=! +,88('!
/0,',=8('$r,8$1-! $-!Z'=8$=!3$D(':!G7O+/Z3H!;'1J(=8F! !](!,'(!80,-XB.E! 81!ZEE$:1-!+K(':!
S$CC! B1'! ;'1=(::$-C! ,-<! ,-,EK:$:! E$C-$-! B1'! PQ2I! :,A;E(:F! ](! ,'(! C',8(B.E! 81! 6$X$8,!





B1'! 80($'! m(E=1A$-C! ,-<! 0(E;! 80'1.C08! 1.8! 80(! A$::$1-:F! ](! ,'(! 80,-XB.E! 81! L,.'(!
W,-<1$:*! S$(''(!ZE(?$:!V('',.E8! ,-<!+,?$A(!\(:=0.K8(-(('! B1'! 80($'! 0(E;! $-! :,A;E$-C!
80'1.C08!1.8!80(!:.AA('!:(,:1-F!](!,'(!80,-XB.E!81!4E(-,!b(<1'1D,!B1'!E1C$:8$=,E!0(E;!
$-! n',:-1K,':XF! #,A;E(! ;'(;,',8$1-! ,-<! ,-,EK:$:! $-! 71.E1.:(!m,:! ;1::$%E(! 80,-X:! 81!
_$'C$-$(! S(K'(*! b'&<&'$=! U.E$(-*! b',-=X! W$E%('8F! ](! ,'(! D('K! C',8(B.E! 81! W(:$-(!
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